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HARDEN 


One 100 KW, 10,000 cycle TOCCO machine does 
139 different production hardening jobs at Lima- 
Hamilton Corp., Lima, Obio. 


with TOCCO’ Induction Heating 


Progressive engineers at Lima-Hamilton Corporation recently adopted 
TOCCO Induction Heating for the hardening of bearing areas on this slide 
pin used in famous Lima Power Shovels. Your part may be very different 
but if it has to be hardened, soldered, brazed, annealed or forged TOCCO 


probably can cut your costs and improve your products, too. 


CUTS COSTS Formerly this pin was carburized VERSATILITY, TOO In addition to the pin shown 
and hardened all over by conventional heating above, Lima hardens 138 other parts ranging from 
methods. Distortion was such that each part had small screws to large gears—all on the same TOC- 
to be straightened and then centerless ground to CO machine. Between production hardening jobs, 
close limits. Rejects often ran 25% to 30%. TOC- the machine is used for brazing carbide tips on cut- 
CO heats just the bearing areas that require hard- ting tools—some 10,000 during 1948. TOCCO 
ening—result, no distortion, no final grinding, no engineers will gladly survey your plant to deter- 
rejects and 9¢ saved on each part. Production is mine where TOCCO can cut your costs, speed-up 
410 pieces per hour. your production, without obligation, of course. 


THE OHIO CRANKSHAFT COMPANY Mail Coupon Today 


| wew FREE 


BULLETIN 
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THE OHIO CRANKSHAFT CO. 
Dept R-4, Cleveland 1, Ohie 
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of TOCCO Induction Hardening and 
Heat Treating” 
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MICROCASTING SAVES 3 PARTS 
| The Shaver Shaft is cast of straight chrome sel 


case history in which Austenal MICROCASTINGS are 
Serving manufacturers by saving them time and money 
and improving performance of their products. 


Precision Castings From High Melting Point Alloys That Require 
Little or Ne Mechining— The MICROCAST process offers a 
flexibility in meeting design problems not possible in 
the past without pyramiding costs. Small parts of 
intricate shape can now be specified in a whole new 
range of high melting point alloys which offer 
advantages of extreme resistance to heat, wear and 
corrosion. 





Sweet's File for Product Designers. 





The name “MICROCAST” is a registered 
trademark of the Austenal Laboratories, Inc. 


MICROCAST DIVISION 


AUSTENAL LABORATORIES, INC. 
224 East 39th Street + New York 16, New York 
715 East 69th Place + Chicago 37, Illinois 
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Steel Mill Boosts Quality and Output 
With Help of Micromax Pyrometers 


How can a steel mill engineer invest his Com- 
pany's thousands of pyrometer dollars, so as to 
the the 
invested in manufacturing equipment? 


And he surely make his control 
systems help to the utmost in holding quality, 
cutting costs and raising output? 


get greatest dividends from millions 


how can 


Following are some of the answers, taken from 
a mill which turns out a wide variety of products 


and where the right temperature control by 


Figure 1. Ce 





means of Micromax instruments has proved its 


worth in many processes 


Continuous Tinning (See Fig. 1) 

Uniform temperature in the tin pot helps to 
maintain uniform rate of deposit, minimum dross 
formation and maximum production. 


Hot Dip Galvanizing (See Fig. 2) 
Here Micromax Electric Control throttles fuel 


to the burners. Accurate temperature control 


means uniform coating, lower consumption of 


zinc, less maintenance, and less “down time” 


for drossing 





Figure 
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Figure 3. Steam-heated pickling baths 
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Galvanizing kettle, on continuous sheet line 


Continuous Pickling Baths (See Fig 


Here the ability of Micromax to stay on the 


> 
3) 


job continuously, and with low maintenance, 
helps to keep the process operating at top effi 


ciency a maximum percentage of the time. 


4) 


rhis illustrates the application of Micromax 


Slab Heating Furnace (See Fig 


Rayotube Pyrometers to a complex temperature 
control problem. 


Complete temperature control helps the fur 
nace to perform efficiently its functions of bring- 
ing the slabs back to rolling temperature, holding 
them at temperature until the mill is ready to 
receive them, and finally delivering the slabs at 
for effi- 


the right time properly conditioned 


cient rolling 


An L&N field engineer is always ready to dis- 
cuss any temperature control problem with you 
Or if a description of the equipment will meet 


‘ 


we'll be glad to send cata'ogs on 
Address Leeds & Northrup Co., 4927 


Stenton Avenue, Philadelphia 44, Pa. 


our needs, 


request 


+ AUTOMATIC CONTROLS + HEAT-TREATING FURNACES 


LEEDS & NORTHRUP CO. 


Ad N-33-0061(1 


Metal Progress is published and copyrighted, 1949, by 
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The Western Automatic Machine Screw Company, Elyria, 
Ohio, uses two Hevi Duty HD-1848 Vertical Retort Furnaces 





@ Two Hevi Duty Vertical Retort Furnaces are used 
at Western Automatic Machine Screw Company to 
carburize exceptionally dense loads of screw ma- 
chine products such as rollers, bolts and pins. Con- 


ur : sistent uniform results on these dense loads are as- 
ad DUTY sured by multiple zone control of heating elements 
aye : and rapid circulation of the carburizing atmosphere. 
CARBURIZERS This all purpose furnace may also be used for Ni- 


triding, Dry Cyaniding, Bright Annealing and Clean 
Hardening. Its rugged construction and easy ac- 
cessibility of moving parts result in a very economi- 
cal maintenance cost. 


Send for complete details on this oll purpose furnace — Ask for Bulletin HD-646 


ee Ae ee ee a ee 


HEAT TREATING FURNACES HEV-1=DUTY ELECTRIC EXCLUSIVELY 
DRY TYPE TRANSFORMERS — CONSTANT CURRENT REGULATORS 


MILWAUKEE 1, WISCONSIN 
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WARREN 


Propane & butane 


PREFERRED... 


Ontinuous HEATING or HEAT 
TREATING 


Operations require an absolutely 
Dependable 94S supply. 


Plant perations h 
€xpanded to mee 
demands for Propa 


ave been 


greatly 
t the 


increasing 


ne and Butane. 


soem 'RANSPORTATION ,, 


Product a] 
available. 


These enlarged facilities mean you get 
Prompt deliveries on your orders — 


when you need them and where you 
need them. 


ORATION 
LEUM CORP s 
PETRO TULSA, OKLAHOMA 


DETROIT 
TON MIDLAND, TEXAS MADISON, WIS. 
FORT WORTH aan MT. VERNON, ILL. 

NEW 
MOBILE 
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Announcing 


VERSATILITY of the new Kaiser Aluminum 1508 alloy is illus- produce the items shown here. Each of these products has been 
trated by the wide variety of fabrication methods necessary to improved with 1508S. Each is an excellent application of 1505S. 
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T50§S 


A new Kaiser Aluminum Alloy 


to improve your product 


After two years of continuous research and develop- 
ment, Permanente Metals announces a versatile new 
alloy of Kaiser Aluminum: 1508S. 


Meeting a long-felt, industry-wide need, it is the first 
general purpose specification alloy to be introduced in 
20 years. Its combination of yield strength and workabil- 
ity makes it stronger than 3S, more workable than 52S— 
giving it properties intermediate between the two. 

Most drawing, forming, beading and joining opera- 
tions can be done satisfactorily with 1508S. 

Inherently a fine grain alloy, it can offer satin ano- 
dized finishes that are silvery white in color. Its hard sur- 
face resists dents and scratches, reducing in-plant scrap. 


And it has corrosion resistant properties similar to 52S. 


You may be one of the hundreds of manufacturers who 


will now be able to cut material costs and improve prod- 
ucts because of the unique combination of advantages 
offered by 1508S. 

Good physical properties 

Very fine grain structure 

Good workability 

Good welding and brazing properties 

Exceptional finishing properties 

Excellent corrosion resistance 

If you are now using 52S or 3S, you may be able to 

reduce your material costs or improve your product— 
or both—with this versatile new alloy. For more infor- 


mation, contact the nearest Permanente Products’ sales 
office or distributor. 


Permanente Metals 


PRODUCER OF 


SOLD BY PERMANENTE PRODUCTS COMPANY, KAISER BUILDING, OAKLAND 12, CALIF... . WITH OFFICES IN 
Atlanta * Boston * Chicago * Cincinnati + Cleveland + Dallas * Denver + Detroit + Houston + Indianapolis + Kansas City + Los Angeles 
Milwaukee * Minneapolis * New York + Oakland + Philadelphia + Portland, Ore. + Seattle + Spokane + St. Louis + Wichita 
FNPORT OFFICE OAKLAND, CALIFORNIA © WAREHOUSE DISTRIBUTORS IN PRINCIPAL CITIES 
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A NEW 


Gi METALS COMPARATOR 
™ 


When one day during World War II a truck driver 
delivered at the Ft. Wayne Works 25,000 motor 
shafts, mistakenly intermixed, he started G-E engi 
neers on the development of an important new in 
strument for inaustry. 


To separate the shafts, Ft. Wayne engineers 
rigged up an oscillator, multi-winding transformer, 
amplifier, and an oscilloscope, and then identified 
each shaft by comparing its wave pattern with the 
known wave patterns of the different kinds of steel 
used. Realizing the importance to industry of such 


Coil Testing 


With the new test head 
1 the metals compora 
tor, you can quickly ond 
easily measure the depth 
of wearing surfaces, such 


Gs machine -tool beds 


equipment, G-E engineers developed a compact 
comparator for both ferrous and nonferrous metals. 


Cutting Costs This instrument helps you cut costs 
by enabling you to separate or to identify metals 
quickly. For example, stock-room clerks use the 
instrument to separate machinable parts of cold 
rolled steel from nonmachinable parts made from 
stainless steel. This reduces cutting-tool losses. 


Maintaining Quality Control To help maintain the 
high quality of your product, use the comparator 
to measure the depth of case hardening, to deter 
mine changes in plating thickness, and to assure 
the use of specified metals. 


A G-E Instrument for Your Problem G-E engineers 
may be able to help you solve your measuring or 
testing problems by recommending one of the 
many available G-E instruments. Your problem, if 
it is common to industry, may even justify develop 
ing a new instrument. Write today for information 
Apparatus Department, General Electric Com 
pany, Schenectady, N. Y. 


Force, Strain and 
Thickness Gages 
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To Cut Costs in Your Developmental Work 


.. . Use G-E fatigue tester to study fatigue limit and failure of 
metals and plastics 


Equipment designers and metallurgists can save time—and 
money—by using the G-E fatigue tester to determine the fatigue 
limit of different alloys or plastics. 

By fatiguing materials at resonant frequency, the G-E instru- 
ment reduces the amount of time required for each test. Because 
the instrument, which uses air pressure to vibrate the material 
specimen or finished part, has no moving parts, maintenance 
expense is negligible. Furthermore, you can test both standard 
specimens and odd-shaped parts, such as turbine buckets.Write 
tor GEA-4652. 


To Increase Life of Your Equipment 
. . . Check for excessive strain with G-E magnetic strain gage 


You can safeguard the life of construction, industrial, and 
transportation equipment by using the G-E magnetic strain gage 
to test shovel and crane structures, punch presses, dies, test- 
stands, tanks, railroad tracks, locomotive trucks, bridges, and 
truck frames. Easily attached or removed from the equipment 
under test, the strain gage is protected against normal vibration 
or shock. No amplifier is required. 

This gage equipment measures either slowly varying or rapid- 
ly varying strains. A pointer on an easy-to-read scale indicates 
the amount of stress. Write for GEA-3673. 


To Cut Costs in Specifying and Inspecting Finishes 
.. . Use the New G-E roughness scales 


The 24 sample surfaces of the scales are divided into ten 
groups representing ten degrees of surface roughness. Some 
groups have several machining operations represented. Use of 
the scales cuts production costs three ways— 

Engineers and designers save time because they need only to 
refer to the scales to specify finishes. Inspectors can handle 
additional work because they can use sight and touch to com- 
pare quickly the finish on a machined part with specified fin- 
ishes. Machinists turn out extra work because they can avoid 
making unnecessarily fine finishes; reduce spoilage because 
they can avoid making too-rough finishes. Write for GEC-311. 








Materials Testing Chemical Analysis Insulation Tester Vibration and Sound 


mmm GENERAL @@ ELECTRIC 
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you can BE SURE.. iF irs 


Westinghouse 





: 


Spline Shaft Hardening at Maytag Company plant, 
Newton, lowa. Diameter, .75”. Length over-all, 
8.5”. Length of spline, 2”. Steel, C-1144. Surface 
hardness, 57-60 Rc. Case depth, .027”-.035”. 
Equipment, Westinghouse 20-kw RF Generator, 
Type C. Production, 580 per hour. 





Straight Shaft Hardening with Westinghouse 20-kw 
RF Generator, Type B, at Maytag Company. 
Diameter, .685”. Length over-all, 6.75”. Steel, 
C-1144. Surface hardness, 57-60 Rc. Case depth, 
.027”-.035”". Production, 600 per hour. 
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LIKE 


YOU can profit with 
WESTINGHOUSE RF HEATING 


lake a tip from Maytag’s experience with profitable 
RF Heating. Investigate the possibilities of installing 
this time and money-saving equipment in your pro- 
duction line. 

Compare these results with RF Heating at Maytag: 


Engineering-wise—it’s BETTER . . . Distortion 
has been eliminated. With former heating methods, 
distortion of approximately .012” was experienced. 
With RF Heating it is consistently .001” or less. 
Straightening operations are eliminated; all shafts are 
uniform. In addition, no scale is formed with the RF 
Heating process. 


Production-wise—it’s FASTER . . . Batches of 











400 shafts which formerly required 2% hours of 
furnace treating are now handled in /ess than 1 hour on 
each 20- kw RF Generator with continuous work- 
handling equipment. 


Management-wise—it’s CHEAPER . . . Shaft 
straightening and de-scaling have been eliminated. 
Primary power costs are down 48%. Rejects are a thing 
of the past. 

Why not get more out of your production line? From 
the full line of Westinghouse RF Generators there's a 
generator that’s exact/y right for your job. 

Call your local Westinghouse representative, or 
write Westinghouse Electric Corporation, P. O. Box 
868, Pittsburgh 30, Pennsylvania. J-02194 


- ee eee ee eee TE EE SE SS SS eS eS SE 
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The Harshaw Spectroscopic Metal Analyzer is 
now being used for all types of ferrous and non 
ferrous metal sorting and identification. It is 
also used for quantitative analyses. For example, 
the quantitative analysis of magnesium in alu- 
minum alloys can be carried out in one minute 
with an accuracy of 5% of the amount present. 


The unit consists of a fixed deviation glass prism 
spectrometer mounted on a portable cabinet. A 
3-prong cable is provided for plugging into 220 
volts D.C. The third connection should be 
grounded. Resistances are provided to give a 
selection of amperages between 4 and 10 to pro 
vide for different size specimens. The current is 
turned on by the switch conveniently located 
on the table top. A safety switch on the door jam 
of the shock-proof arc house disengages the 
bipolar relay as soon as the arc house door is 
opened. The arc stand provides for irregular 
sized specimens and is adjustable in all direc 
tions from outside the box. An automatic arc 
striker is included. 


The spectrometer is calibrated for the following 
elements: 


Copper Vanadium Manganese Titanium 
Chromium Molybdenum Cobalt Tungsten 
Lead Nickel Columbium Zirconium 


Write for additional information and prices 


HARSHAW SCIENTIFIC 


DIVISION OF THE HARSHAW CHEMICAL CO. 
CLEVELAND 6, OHIO 
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HERE'S 
HOW... 


— 


TO PLAN YOUR 
TOOLROOM HEAT TREATING DEPARTMENT 


Published to assist those planning new or expanded heat treating depart- 
ments. It’s yours for the asking. 

Material contained in this 24 page booklet, prepared by the Lindberg 
Engineering Company, is based upon years of experience in helping 
design hundreds of toolrooms . . . plus additional information gained 
from the 24-hour-a-day operating experiences of the toolroom heat 
treating department of the Lindberg Steel Treating Company, the 
world’s largest. 

It helps arrive at total costs in advance * Shows recommended de- 
partment layouts * Tells how to select furnaces of proper size * Gives 
prices of auxiliary equipment such as tongs, quench tanks, straightening 
presses, hardness testers, work benches, etc. * Contains loose template 
pages of furnaces, quench tanks, etc. and graph paper . . . a few seconds 
of scissor work shows you how your department will look. 

Io get your copy write or call your nearest Lindberg Engineering 
Company office or the Lindberg home office at 2448 West Hubbard 
Street, Chicago 12, Illinois. 








Other helps for Heot Treaters. “Heat Treating Hints a publication covering the practical side of 
heat treating with strictly “‘how to do it’’ articles Available on request 

“Heat Treating Hints’, two movies, (color and sound) bring to the screen practical articles from the 
printed “‘Heat Treating Hints Ideal for technical associations, plant showings, schools. Write for Bookings 


— FORNACES 
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MISCO Certricast 


Conveyor Rolls 


for Bright Annealing » Normalizing + Heat Treating Furnaces 
LIGHT - SOUND -: STRONG - ACCURATE 


THROUGH the application of our flash 
welding process to roll construction, 
mechanical joints have been eliminated in 


sound one-piece construction. Misco Cen- 


tricast Conveyor Rolls can be supplied in 


the manufacture of Misco Centricast Con- 
veyor Rolls. No added metal is used at 
the joints because the end castings and the 
centrifugally cast mid-section are directly 
united under pressure at fusing tempera- 
ture. Misco flash welded joints produce a 


many sizes, with smooth cast, rough 


turned or bright ground finish. Thou- 


sands of Misco Centricast Conveyor Rolls 


are giving dependable service at tempera- 
tures up to 2050 F. Misco Centricast Con- 
veyor Rolls will serve you better. 


SPECIFY MISCO uear resisTING ALLoYs 
e CAST and ROLLED e 
For all Heat Treating Equipment 


turnace Parts © Roller Rails © Roller Hearths © Conveyor Rolls © Trays ©® Retorts 
Chain © Muffles ® Walking Beam Conveyors ® Carburizing and Annealing Boxes 
Dipping Baskets © Cyanide and Lead Pots © Thermocouple Protection Tubes ® Pickling 
Equipment ¢ Centrifugal Castings © Miscellaneous Castings and Rolled Bars © Sheets, 
Plates, Tubes and Welding Rod for use at high temperature or under corrosive conditions. 


ALLOY CASTING DIVISION 
Michigan Steel Casting Company 


One of the World's Pioneer Producers and Distributors of Heat and Corrosion Resisting Alloys 


1998 GUOIN STREET - DETROIT 7, MICHIGAN 


Heat and Corrosion Resistant Alleys 
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Buyers everywhere want products 


that are easier to lift and move. 


They want products made from Dow 











TAP 















































ww, 
the world’s lightest structural metal! 





When greater lightness helps sell a product—and it does help 
sell a good many —sound judgment on the manufacturer’s part 
dictates using the lightest practical metal . . . Magnesium. 


Magnesium is the world’s lightest structural metal—75 
lighter than steel, 33'3°7 lighter than aluminum. 








If your product is still too heavy, lighten it with the one 
metal that can do that job best... Magnesium. Remarkably 
strong and easily worked —magnesium will be found surpris- 








ingly low in cost compared to the competitive advantages 





gained. Write us for complete technical information. And don’t 
forget to ask for your free copy of “How Magnesium Pays” 
a book filled with real case studies of how magnesium is 
being used profitably in products today. 





THE DOW CHEMICAL COMPANY « MIDLAND « MICHIGAN 
New York © Boston @ Philodelphia @ Washington @ Cleveland © Detroit @ Chicago 
St. Lovis @ Houston @ San Francisco @ Los Angeles © Seattle 
Dow Chemical of Canada, Limited, Toronto, Cenade 


Make your product 

easier to lift—easier to move— 
easier to sell—with 
Magnesium Extrusions 


d 


ht means to their customers, are using mag- 


Manufacturers of a wide range of products—ladders 
for example—who know how muct ng dea 


nesium extrusions. They've found that magnesium 
extrusions enable them to make their product ap 
reciably lighter, yet retain much needed durability 
and strength They've found, Too, that Magnesium 
Extrusions simplify design, fabrication and assembly 
Many intricate shapes can be extruded in magnesium 
which can not be produced by any other method 


Lighter Products Sell- make your product Magnesium Light! 
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GEAGOOODP DOLD LOD 








You have been elected 


Ir is time to recognize anew 
the obligations of leadership--the re- 
ponsibility that attends your place in 
the business life of the community. 

That there are influences at work 
right now--every day--attempting to 
disrupt and destroy the American way 
of life-- has been plainly demonstrated. 
These forces, disguised though they 
be, are more active - more determined 
- more dangerous than ever before. 


To save individual liberty and per- 
sonal freedom--corner-stones of our 
civilization--may not be easy. Asa 
leader you are called upon continu- 
ously to help form and direct a mili- 
tant publicopinion. Only by the unit- 
ed, vigilant efforts of all citizens of 
good will, those who cherish our prin- 
ciples of government and our ideals, 
will we maintain our invaluable herit- 
age of liberty, justice and freedom. 


The Youngstown Sheet and Tube Company 


General Offices -- Youngstown 1, Ohio 
Export Offices--500 Fifth Avenue, New York 


MANUFACTURERS OF CARBON, ALLOY AND YOLOY STEELS 


ELECTROLYTIC TIN PLATE - COKE TIN PLATE - WIRE - COLD FINISHED CARBON AND ALLOY BARS - PIPE AND 
TUBULAR PRODUCTS - CONDUIT - RODS - SHEETS PLATES - BARS - RAILROAD TRACK SPIKES. 
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How To Use Super Refractories 


least 
is cur- 
unusual Perhaps 

brick —a tile or two—may 
be involved. Nevertheless, their replace- 
ment means furnace shutdowns 


installations, there is at 
where retractory life 
conditions 


In most 
one area 
tailed by 


only a tew 


pro- 
increased maintenance. 
In such cases, Super Refractories by 
Carborundum can prove to be profit- 
able. They are 
to withstand 


duction delays 


inherently 
Spe- 


better fitted 
Service 
characteristics enable 


mgorous 
them to 
lick localized trouble spots. Improved 


cialized 


overall refractories performance elimi- 
nates frequent, expensive outages. Defi 
nite savings result from the wise, even 
though limited, use of these super refrac- 
tories with other less costly refractories. 


More extensive use of Super Refracto- 
ries by Carborundum may be indicated 
for some jobs. Possibly top pertorm 
ance will be insured only through their 
full utility. Numerous accepted proc- 
esses, involving large scale usage, are 
practical and economical simply because 
of the well-considered application of 


these products. 


Super Refractories by Carborundum are 
produced from several different basic 
materials. Each type is available in many 
varieties to better meet a wide range of 
For 
tion, it is important to consult with our 


service requirements best utiliza 
Their recommen 


dations are based on broad experience. 


refractories engineers 


Physical Properties of Super Refractories by CARBORUNDUM 








Hest Conductivity 
a, WO BTU 16 BTU 


28TU «61287 67 BTU 





37-390 «39-40 38-39 








High = Medium low 
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100-1050 100-225 50-100 





9 ibs. 


10.1 ths. 7.25 ths, 4.8 ibs. 
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CARBOFRAX Skid Rail Life 
Increased From Weeks To Years 


This extrusion-mill furnace is now 
equipped with CARBOFRAX silicon 
carbide skid rails 
hearth was used in the hot 
alloy 


Formerly, a chrome 
and 
This 
chrome-alloy combination required ex 


zone 


rails in cooler sections 


pensive maintenance and fe plac ement 


) 


every 2 to 5 weeks. In addition, pile-ups 


and wrecks were caused by rail warpage 
With the installation of CARBOFRAX 
skid rails, 3 years lite is obtained betore 
replacement 1s necessary Frequent tur 
nace outages are eliminated Production 
is increased. Operating costs have 
Rails re without 


There are no wrecks or pile 


lropped main true 


warpage 


ups Because frictional resistance 1s 


yreatly reduced, brass billets are slid 


through the furnace more easily. 





Set Kettle Utilizes 
Job-Fitted Super Refractories 


Here is a 
two 


where judicious use of 


refractory 


case 
materials re- 
life of both 
In addition, 


different 
sulted in extended service 
the set kettle and setting 
simplified and 


accurate tem pe rature 





Mullfrax 


Address all correspondence to: Dept. 


‘Silfrax, 


“"Alfrax 


are registered trademarks whit 


” 


J-79, THE CARBORUNDUM COMPANY, Refractories Division, Perth Amboy, New Jersey 
= + 


Continued on other side 








<« Continued from other side 


control has been achieved along with 
lower fuel costs 


Because of their high mechanical 
strength and thermal conductivity, 
CARBOFRAX silicon carbide shapes 
were selected for the arch. More rapid 
and even radiation of heat to the kerrle 
is provided. Lower temperatures are re 
quired in the combustion chamber 
Moreover, remarkable resistance to spall 
ing and cracking provides “insurance 

against service interruptions 


Light-weight ALFRAX BI fused alum 
ina insulating brick, applied to the 
combustion chamber to reduce heat 
storage in the setting, provides more 
accurate temperature control 





sf 
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CARBOFRAX Vertical Retorts 
Open Door to New Processes 


Several newly developed 


chemical and 
metallurgical processes are now not only 
possible but also economical throug 


CARBOFRAX 


structural material 


refractories 
for 


the use of 
as the 


retorts 


forming 
Restricting limitations that 
existed formerly are removed. Because 
of their high thermal conductivity, only 
moderate thermal gradients are re 
quired to transmit heat rapidly through 
retort walls 
is provided. Consequently, combustion 
chamber fuel 
ethciency 1s refractory 


dith« ulties are minimized. Great strength 


Close temperature control 


temperatures are lower 


improved, and 


at high temperatures plus 
tlame 


mechani il 


and abrasion add long uninter 


rupted service to the other advantages 


of a CARBOFRAX vertical ret 


Operator Summarizes Advantages of CARBOFRAX Setters 


Several important advantages of using 
CARBOFRAX setters are concisely sum- 
marized in this report from a producer 
of sanitary ware 


Since going into operation (over 6 


mos.) there have been absolutely no 


losses in tank or bowl setters due to 


firing cracks. All losses have been due 


Judicious Use of Super Refractories 
Licks a Trouble Spot 


Three courses of CARBOFRAX silicon 
carbide brick were all that were re juired 
to solve the troublesome problem of 
air distribution in 


uneven secondary 


this boiler furnace 
The traced to 


slag which formed above the 
rear walls 


rouble was fingers of 


air nozzles 
in the tront and This slag 
deflected the air streams enough 
curt 


Fuel 


Shut-downs were tre 


secondary air distribution 
burned unevenly 
quent and fuel efficiency was lowered 
When CARBOFRAX brick were in 
stalled just above the air jets, the tro ible 


was eliminated. Slag can not anchor on 


the smooth, hard, dense surtace of this 


clinker-resistant Super Retractory 


U 


This Flue-Connector Lining 
Has Seen 10,000 Hours of Service 


There is‘a distinct lack of carbon build- 
ip in this unretouched photo of a flue 
connector lining after 10,000 hours of 
service. The hard, dense, smooth sur 
face of CARBOFRAX lining provides 
tor 
Equally important 1s the freedom from 


no ancl these obstructions 


oraye 


erosion despite the fact that the lining 


has been subjected to the beating of 


millions of abrasives particles travelling 
velocity 


it terrific Cleaning 1s mini- 


mized, down-tume for repairs 1s reduce 


to mechanical handling or dropping 


. , 
There has been no sagging, warping 


detormation or growth in size although 


the setters are supported only on the 


ends by tirebrick and have no contin 


uous support underneath 


Operating data: Firing Temperature — 


Cone 11 vel » to 36 hours 


























A complete file of informative literature 
covering super refractories is available 
through The Carborundum Company. 
There are facts and figures on installations 
in specific fields. To obtain copies of re- 
ports, booklets and catalogs of particular 
interest is a simple matter. Merely select 
from the list printed here. Copies will be 
sent you at once. No obligation, of course 


Super Refractories by CARBORUNDUM 
general catalog 


Super Refractories for the 
Ceramic Industry 


Super Refructories for the 
Process Industry 


Super Refractories for Boiler Furnaces 


Super Refractories for 
Heat Treatment Furnaces 


Super Refractories for Gas Generators 
The FRAX Line of Cements 
CARBOFRAX Refractory Skid Rails 


Bulletins Nos. 1, 2, 3 on Underdrain 
Systems and Diffuser Media 


Dept. No. J-79 


THE CARBORUNDUM COMPANY 
>. ; Divisio 


Refra 


PERTH AMBOY, NEW JERSEY 





one:-punch 
roduction 2? 


Aleoa’s amazing Impact Extrusion 
process knocked out this marking brush 
handle and inkwell with one punch! 
Brush head is threaded directly into the 
impact-extruded handle, 

Costs for Alcoa Impact Extrusions are 
often substantially below stamping. 
drawing, spinning and machining for the 
same shape. Parts may be assembled as 
delivered. or finished by all commercial 
finishes plus lustrous Alumilite* exelu- 
sive with aluminum. 

Get the whole story on how Alcoa's 





new process can lower your costs while 
giving you all of aluminum’s sales ad- 
vantages —light weight, strength, cor- 
rosion resistance, handsome 
appearance. Write for your 
copy of booklet shown, 
**Aleoa Impact 
Extrusions”, or call your 


Aluminum 


Alcoa sales office. 
Aniuminum Company or 
America, 2101G Gulf Bldg.. 
Pittsburgh 19, Pennsylvania. 


nearby 


*Patented l’rocess 


p.N egey Wrrytaa scr tity tie 


INGOT - SHEET & PLATE - SHAPES, ROLLED & EXTRUDED - WIRE - ROD - BAR - TUBING - PIPE . SAND, DIES PERMANENT MOLD CASTINGS . FORGINGS . IMPACT EXTRUSIONS 


ELECTRICAL CONDUCTORS -. SCREW MACHINE PRODUCTS ~ FABRICATED PRODUCTS ~ FASTENERS - FOIL ~ ALUMINUM PIGMENTS . MAGNESIUM PRODUCTS 
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the most important 
development in Die Casting 
Technique of Modern Times... 


the revolutionary new 


INJECTION 
PRES SURE 
MULTIPLIER* 


Assures solid dense castings by instantaneously The complete pressure multiplier is built right into 
ng the metal injection pressure during the 


: the hydraulic injection cylinder—is self contained 


vel of the plunger's stroke—where it counts. requiring no additional space, ne additional 
Ending pressure increases twice to five times mechanism, m@ complicated adjustments or main- 
the starting pressure. |f 10,000 Ibs. psi. normal tenance, being fully automatic in its operation 
pressure is used at the start of the injection stroke, Either bullet speed or slow metal injection can be 
hac SOO It 


psi. can be exerted during used, as desired. However, in either case the end- 


final travel of the plunger’s stroke — packing the ng pressure is multiplied over the starting pr 8 
metal into castings of maximum density and the real requirement for production of solid die 
strength. 

KUX, producers of the largest line of die casting equipment, has 

a machine to meet your need! Write for full detailed information “*Avgilable on all 


d let tal Kux Hydraulic Die 
ee ee Costing Machines 


teccccceseees KUX MACHINE COMPANY «+ 3934 W. Harrison St. + Chicago 24, Hl, --+++++++++e%* 
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The modern Gar Wood Load & Packer for garbage and rubbish. 

















The high corrosion-resistance and dura- 
bility of N-A-X HIGH-TENSILE makes it 
ideal for use in garbage disposal trucks 
and similar applications. Another reason 
why industry is rapidly changing to 
N-A-X HIGH-TENSILE. 


GREAT LAKES STEEL 


N-A-X Alloy Division « Detroit 18, Michigan 
UNIT OF NATIONAL STEEL CORPORATION 
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Conversion of 


Crucible Furnaces at 


LINCOLN 
BRASS WORKS, INC. 


Demonstrates Efficiency 


and Economy of G@AS 





CONVERSION of brass-melting crucibles for Gas- 
firing resulted in three-way operating economy at 
Lincoln Brass Works, Inc., Detroit. By effective 
utilization of the fuel the company accomplished 

e 33% decrease in melting time 

e 20% reduction in fuel costs 

e Definite savings in maintenance expense 
An important producer of brass valves and fittings for 
automotive, marine, industrial, Gas appliance, and 
farm equipment fields, Lincoln Brass Works is con- 
stantly modernizing its manufacturing methods. The 
conversion of its eighteen crucibles to GAS was a 
major improvement which Secretary-Treasurer John 
H. Mueller describes, 

“In addition to the increased melting capacity 

and lowered fuel costs, we have been getting cleaner 


metal with Gas-firing. We are now able to keep up 
production without using all 18 furnaces so we 
always have some stand-by capacity. You must 
remember, too, that workmen like GAS because it 
makes the foundry cleaner and healthier.” 

In brass melting, as in virtually every production- 
line heating operation, the productive flames of GAS 





perform the heat-processing tasks rapidly and eco- 
nomically under completely automatic control. Be 
sure to consult your local Gas Company for recom- 


mendations on the effective utilization of GAS 


Section of the brass-melting department showing 


nine of Gas-fired pit-type crucible furnaces. 


AMERICAN GAS ASSOCIATION 


-OTENING TON AVENE TI 


NEW YORK I a 
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Recori-breaking NICHROME" 


. actual life of this belt extended for many thousand hours 
more (a large percentage of the time at steel annealing temperature of 
1840°F.), but its long service at 2050°F. makes its performance outstand- 
ing... in fact, puts this belt ‘‘at the head of the class.”’ 


For though wire belts may last, according to an internationally 
‘recognized furnace manufacturer, ‘‘practically forever’’ at lower temper- 
atures such as 1300°—1400°F.—often employed for considerable periods 
in furnaces of this type—their useful lives are measured by service ren- 
dered under heat at 2050°F. 


ALL KNOWN RECORDS BROKEN 


Says Ashworth Bros., inc., maker of the belt: ‘‘This Nichrome 
V wire belt was installed in a modern electric copper brazing furnace and 
operated at the Detroit plant of National Stamping Company from Junel, 
1947 to September 24, 1948. Its history, including approximately 7,000 
hours at 2050°F. under full load, indicates it broke all records for 
this type of service.” 


MORE OUTSTANDING FACTS 


Further information only emphasizes the noteworthy perform- 
ance of this veteran piece of furnace equipment. For example: 


(a) Belt Size—belts of this size, 98° 6'’ long x 20° wide, must 
be exceptionally stable to give such long and effi- 
cient service. 

(b) Production — approximately 380 Ibs. of work were handled per 
hour. 


YOUR HEAT-TREATING PROBLEMS AND DRIVER-HARRIS 


In selecting your heat-treating equipment, remember the out- 
Standing ability of Nichrome V to give top-level performance at high 
temperatures, such as that of copper brazing. And remember, too, that 
Driver-Harris has been engaged in finding the correct answers to furnace 
problems for more than 35 years. Our accumulated experience and unique 
specialized knowledge will help you to lower operating costs, reduce main- 
tenance, minimize repairs, increase production. 


jan ous at 50 


V Belt serves 


a 


Cate Fe | o 


Delivery end of electric copper brazing furnace operated by National 
Stamping Compeny—brared steel parts being delivered by contin- 
vous-mesh Nichrome V Belt. 

BELT SPECIFICATIONS 

length: 98’ 6” 

width: 20” 

mesh : 3/8” 

wire : 12 gauge Nichrome V 


é 


onium 


Feed end of furnace—parts being placed on Nichrome V belt 


(This belt supplied by Ashworth Bros., Inc., Worcester, Mass.) 


Nichrome is manufactured only by 


Driver-Harris Company 


HARRISON, NEW JERSEY 


BRANCHES: Chicago, Detroit, 


Cleveland, los Angeles, San Francisco, Seattle 











A 
The 9 oi? trademark stamped in the socket identifies 
top-quality electrodes immediately and signifies the most 
progressive methods known in the art of producing 
graphite electrodes. For at International, all phases of 
the manufacturing cycle are carefully controlled to assure 
the most desirable characteristics . electrodes and 
nipples are checked chemically and mechanically for 


<{(5b> 


@ 4779 


top-quality and uniformity . . . threads are “miked” to 
eliminate misfits. There are no better graphite electrodes 
than International . . . none better for performance. . . 
none better for economy, that’s why so many melters 
use them consistently. 

Graphite products for electrothermic and electrolytic 
applications 


Gnternational GRAPHITE AND ELECTRODE CORP. 


ST. MARYS, PA. 
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from this 


Completely Integrated Plant 





WISCONSIN STEEL can supply 


BASIC OPEN HEARTH STEEL 


@ ALLOY STEEL © CARBON STEEL @ sTRIPS @ SEMI-FINISHED 
Bars Bar Mill Products Hot Rolled Billets 
Billets Rounds and Squares @ STRUCTURAL SHAPES Blooms 
Blooms F lats | : Angles Slabs 
Slabs 5 _ Angles and Channels Channels @ SPECIAL STEELS 
ire Sections Special Sections 
Spring Steel ‘ aa @ SULFITE-TREATED STEELS 
Special Sections ] 
Universal Mill 


® COLD FINISHED ROUNDS Alloy and Carbon 


FACILITIES FOR ANNEALING, HEAT TREATING AND MACHINE STRAIGHTENING 
@ PIG IRON @ BASIC @ MALLEABLE @ FOUNDRY 


Contact our sales department and let us know your re- 
quirements. We are ready to give you the technical and 
metallurgical assistance you need to solve your problems. 
Remember, Wisconsin Steel means quality. 
WISCONSIN STEEL COMPANY, Affiliate of 
“aanvesrea INTERNATIONAL HARVESTER COMPANY 


180 North Michigan Avenue, Chicago 1, Illinois 


WISCONSIN STEEL 
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Installation includes: 4 strand 
uncoiler; spot welder on turn 
table; 175-KW two-pass ver 
tical furnace; two-pass vertical 
cooling tower; multi-chamber 


pickling tank; drying unit 
master pinch roll; 4-head re- 
Rp coiler; complete hi-nitrogen 


atmosphere equipment 











STRIP ANNEALING LINE 


WATERBURY ROLLING MILLS, INC., WATERBURY, CONN. 


Clean, bright or matte finish brass or nickel-silver strip is being annealed 
continuously in this installation which handles an average production of 
2000 = /hour of two 12” strands or four 6” strands .030” thick. Max. strand 
width 13”; min. width 2”; max. thickness .060”; min. thickness .008”’. 

Non-explosive reducing atmosphere contains low percentages of CO and H— 
with practically no traces of CO., and moisture. 

The multi-chamber pickling tank in the line produces die-saving matte finish, 
or may be by-passed when bright finish is required. 

We will be pleased to furnish data obtained from this and other continuous 
strip lines for comparison with your present annealing practice. 


DREVER . 


790 E. VENANGO ST., PHILA. 34, PENNA. 
CONTINUOUS FURNACE Poss LINES, HEAT TREATING FURNACES, DESCALING & ATMOSPHERE EQUIPMENT 


NEW YORK & NEW ENGLAND—GERALD B. DUFF, 68 CLINTON AVE., NEWARK 5S, N. J. 
W. PENNA., W. N. Y. and OHIO—H. C. BOSTWICK, 3277 KENMORE RD., CLEVELAND 22, OHIO 
IOWA, MINN. & WIS.—WALTER G. BARSTOW, 1302 FIFTH AVE. SOUTH, MINN. 4, MINN. 
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FABRICATED 


FOR HIGHER PAY LOADS... 
BETTER QUALITY ) 


FOR THE 


CARBURIZING PROCESS 
Rolock has built this 


rugged assembly for 

i : Send for Catalog showing 
carburizing shafts in a : escheuttinn Gilstetel 
pusher ty pe furnace. w OS, p- heat treating equipment, 
Alloy cast grid is used 
as a base and a train of 
assemblies is pushed 


thru the furnace. 


Four posts are inserted 


in the cored corner 





holes, then bottom Inconel screen of close 
mesh is placed over grid to prevent shafts 
dropping thru. Two upper Inconel screens 
may be positioned by spacers, as desired, 
with mesh size to suit the work. 


Thus, minimum contact area assures uni- 
form quality of carburizing; light weight of 
fabricated Inconel frames and mesh means 
high pay loads. 


Offices in: PHILADELPHIA * CLEVELAND * DETROIT 
INDIANAPOLIS * CHICAGO « ST.LOUIS * LOS ANGELES 


ROLOCK INC. + 1220 KINGS HIGHWAY, FAIRFIELD, CONN. 


~~ 


for better work a 
Easier Operation, Lower Cost 
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e QUALITY CONTRO) « 


rt 
yield dividends in stainless welds 


the product of careful testing 
followed by the 


Arcos electrode 1s 
aterials, 


development, 


Every 
ation for raw m 


and retesting during 
ose adherence to 5 


d very strict applica 


cl pecific 
tion of quality controls in 





an 

manufacturing. 

THAT IS WHY 

Viscosity of a competent welder, give Cons 
Test trouble- free welds. 

THAT IS WHY Arcos electrodes deposit 
Bulk Test for 
and metal- Coating Materials Ferro-Alloy 
Gassing 


ally, chemically 
ob at hand. 
ay of welding with 
Arcos electrodes yi¢ produc- 
tion. Costly non-productive time, chip- 
ping and rewelding oF repairing weld 
Eccentricity 


in the hands 


Arcos electrodes, 
istently sound, 


weld metal physic 
Jurgically right for the ) 
THAT 1S WHY every d 


Ids maximum 


Sedimentation Test i y 
failures 1S eliminated. 
the pound ; 
est 


for Particle Size 
These are the reasons why 
is not a 


e of Arcos electrodes 
alue of the 


pric 

true measure of the Vv 

welds developed from them. 
e 

y controlled 


Arcos qualit 
to keep your 


Use 
stainless electrodes 
* 


weld costs low 
* 

Screen Test for 

Particle Size 


Colorimetric Analysis 
of Steels 


Automatic 


Machine {} 
Ale (OK 


CORPORATION 


PHILADELPHIA 43. PA 





ELECTR 
ODES *¢ COILED WIRE * BARE ROD 
1500 S. 50th ST 
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If you’re redesigning to cut costs, 
do it around this hole 


B making your hollow cylindrical parts out of 
Timken’ 


seamless tubing instead of bar stock 
you save material costs and simplify manufacturing. 
With Timken tubing, drilling is eliminated because 
the hole is already there. There's less stock to machine, 
less scrap. Finish boring is often your first production 
step. Parts cost less to make. 

You get a better quality product, too. The piercing 
process by which Timken tubing is made is basically a 
forging operation. This gives the tubing a uniform 
spiral grain flow for greater strength, and a refined grain 
structure which brings out the best in the quality of the 
metal. And this fine forged quality is uniform from tube 


acre 50th birthday of the company whose products 
wm e) you know by the trade-mark: TIMKEN 


N 
AW 


July, 


to tube and from heat to heat, thanks to Timken's 
rigid quality control. 


To make the most of Timken tubing, use our Tube 
Engineering Service. We take full responsibility for 
giving you the most economical tube size for your job 
—guaranteed to clean up. You're sure of minimum 
machining time—maximum saving of metal. And you 
run no risk of not having enough wall thickness to 
fill out your finish dimensions. To have our Tube Engi- 
neering Service make an obligation-free analysis of 
your requirements, write The Timken Roller Bearing 
Company, Steel and Tube Division, Canton 6, Ohio. 
Cable address: ““TIMROSCO” 


Specialiata i 
steel bare —a complete rang 
analyses—and alloy and stainless se¢ 
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TU Ce) for Micro-Indentation 
Hardness Testing 
TUKON TESTER 


o¢ —=Z ¢ 
Used for research, educational and in- MICROHARDNESS TESTING 


dustrial testing of metallic and non- 





metallic materials—fine wire, minute precision parts, 
thin metal, superficially hardened surfaces, jewels, 
plastics, glass, individual crystals or particles of 
microscopic size. Every day, TUKON Testers are 
solving problems never before attempted. 

All model TuKON Testers may be used with either 


Knoop or 136° Diamond Pyramid Indenter. 


Model MO— Made in both bench and floor type, this 
is the simplest and most economical model 
Tukon. It is mechanically operated and ap- 
plies loads from 1 to 1000 grams. Model MO 
TUKON is recommended for those interested in 
light load testing where there is not sufficient 
work to justify fully automatic control. 


Model FB—This model is fully automatic—applica- 
tion of load, period of application and removal 
of load all being accomplished by electrically 
operated mechanical controls. Loads from 10 
to 3600 grams may be applied. 


Probably more microhardness tests have 
been made on this model TUKON than on 
any other microhardness tester in the 
world. 


tli 


Model LR— This is the ultimate in a hardness testing Model FB 


machine. It is called the “long range’’ model, 
applying loads from 10 to 50,000 grams. Model 
LR contains all the improvements and refine- 
ments that Wilson has developed for testing Model LR ) 
with a pyramid indenter. 


SEND FOR Bulletin DH-114 which con- 
tains detailed information about TUKON Hard- 
ness Testers. We will also include a copy of our 
booklet DH-7, which gives the experience of 
several users of TUKON Testers in different fields. 


WILSON meee 
MECHANICAL INSTRUMENT CO., INC. 


AN ASSOCIATE COMPANY OF AMERICAN CHAIN & CABLE COMPANY, INC. fer 


2] 





230-F PARK AVENUE, NEW YORK 17, N.Y. brs 
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NO CYANIDE is used in the Uni- 
chrome Copper bath — so you not 
only reduce your stocks of this 
hazardous chemical, but get a 
safer bath as well. 


UNITED CHROMIUM, INCORPORATED 
51 East 42nd St., New York 17,N.¥. © Detroit 7, Mich. 


CLEAN DEPOSITS never need acti 
vation, With no brighteners, no 
wetting agents used, Unichrome 
deposits come out clean, ready 
lor the nickel ovale without spe 
cial treatment 


.-- cutting down your need for 
buffing without having to 
cut plating speed! 


A cross section of a Unichrome Copper deposit 
will show you one reason for its smoothness 

you'll see a structure that’s dense, finely grained 
\nother reason is the ability of the bath to op 
crate at high current densities — plating quickly 
without burning edges. Good corrosion of anodes 
is a third. When they corrode evenly, as they do 
in pyrophosphate Unichrome Copper, you get 
no breaking off of copper fragments, no sludging 
both of which are apt toform nodules on the work 


Smooth plating, however, is just one of several 
outstanding advantages you gain. Which is why 
we say: “Compare it with any other process, and 
we believe you'll specify Unichrome Copper 
every time.” Write for our informative bulletin 





FEWER ANODES required. because 
the bath keeps them free of ox 
ides even at high current densi 
ties. Why tie up extra money 
when Unichrome Copper has 
100°, anode efhciency—with 50°; 


to 75°, fewer anodes? 


HELPFUL SERVICE—U nich rome 
Copper is simple to maintain, sel 
dom gives trouble. But should the 
need arise, you can always count 
on prompt help from our engi 
neers and analytical laboratories 


PROCESSES AND MATERIALS 





Chromium Plating + 


FOR SURFACES THAT SURVIVE 


Porous Chromium + Unichrome* Copper 


Unichrome Lacquers + Ucilon® Protective Coatings 


Unichrome Stop-Off Lacquers and Compounds + Unichrome Dips 


° Waterbury 90, Conn, 
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Unichrome Rack Coatings + Anozinc* Compounds 


Chicago 4, tlt. 


Unichrome Strip 
*Trade Mark Reg. U.S. Pat. Of 


Dayton 2. Ohio . Los Angeles 13, Cal. 





Gray Iron Characteristics 
Include: 


Castability e m 

Rigidity is synonymous with Gray Iron 

Low Notch Sensitivity 

Wear Resistance “A picture is worth a thousand words.” Look at this picture of Hiro- 

Heat Resistance shima. See the radiators? They're Gray Iron. That's part of what we 

Corrosion Resistance mean by Durability, defined by Webster as: . . . “enduring”. 

Machinability Throughout the year, we have discussed and illustrated the resistance 

Vibration Absorption of Gray Iron to wear, heat and corrosion. These characteristics all con- 

DURABILITY tribute to Durability, but they're not the whole story. 

Wide Strength Range Gray Irons are available in a wide range of analyses. They provide 
combinations of valuable properties unmatched by any other material 


. plus ultimate economy. 


Write for free booklet, “GRAY IRON—Its Mechanical and Engineer 
ing Characteristics and Details for Designing Cast Components’’. 


Make It Better With Gray Iron 


Second largest industry in the metalworking field 


AY IRON FOUNDERS’ SOCIETY, ING. 


NATIONAL C/TY-E. 6th BLDG, CLEVELAND 1/4, OH/0 
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HOSKINS M 


DIVigelol(-WE 410-111 1-) Mal-tohililemm-licTul-lii 


used in every hoskins furnace 


One thing you get from Hoskins electric furnaces is good, dependable 
performance . . . thanks to durable CHROMEL heating elements. 
CHROMEL, you know, is the original nickel-chromium resistor wire ... the 
wire that first made electrical heating practical. As the most vital part of 


every Hoskins furnace, it's your best assurance of satisfactory service. 


Next time you're in need of good electrical heating equipment, get the 
facts on Hoskins’ line of CHROMEL-equipped furnaces . . . for heat 
treating operations as well as laboratory work. Complete technical 


information is contained in our Catalog-59 ... want a copy? 


ANUFACTURING 


July, 1949; Page 31 


TYPE FR-206, 207, 208 
BOX FURNACE 


{ M 
——<—s— =) 
} Tr (Cf 
~ Las 
SS 
TYPE OR-104 
POT FURNACE 


COMPANY 


TYPE FR-251 
BOX FURNACE 


—- . 


‘ 


TYPE FR POT FURNACE 





5500 LBS. 


DOUBLE-PITCH 
SPIRAL RETORT 


CAST IN 


It had to be right. This carburizing retort will be used for 
the production of very small parts. Each must pass through 
the spiral cycle and be discharged at precisely the right time. 
The double-pitch passage has to be obstruction free. No 
part can “hang up” and carburize too deeply. Individual 
inspection of parts is impractical. 

Four of these precision-built retorts have been produced 
by Electro-Alloys in Thermalloy. Interior walls of the spiral 
passages are clean and smooth. There are no projections or 
rough spots to block the smooth, steady flow of parts as they 
pass through their heat cycle. 

It is the inside siory of these retorts that is important. Two 
things made them possible. First, research, experience and 
skill in core making; second, a unique method developed 
by Electro-Alloys for cleaning the castings internally that 
doubly insures obstruction-free passages. 

These retorts are typical of the work now being done by 
Electro-Alloys and illustrates how Thermalloy can, and is, 
being used, for intricate castings regardless of size or shape. 
It will pay you to investigate the cost-cutting advantages of 
Thermalloy retorts. A letter or phone call will bring one 
of our engineers to discuss your problems. 


® FURNACE PARTS + MUFFLES | 
TRAYS + POTS + CARB. BOXES | 
RABBLES 


Thermalloy for heat and abrasion resistance 


Chemalloy for corrosion resistance 


76" OD 
Retorts e« Pots e« Trays « Saskets « Muffles 





| AMERICAN _ 


Brake Shoe. ELECTRO-ALLOYS DIVISION 


OMPANY ELYRIA, OHIO 
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® 


CLAD METALS | 


Give you high-performance surfaces 


with economy inside . . . for a world 
of profitable product fabrication! 


You get the solid metal surface of your choice when you 
specify SuVENEER CLAD METAL dense, non-porous, 
non-peeling, impermeable bonded inseparably to a core of 
low carbon strip steel. You enjoy economy of purchase, while 
assuring performance values for your products inherent in the 
cladding metal you select. @ Quality-produced SuVeneer Clad 
Metals are available in easy-handling coils, precise in every 
specification. Write us on your requirements 


* 
Superior Steel 
CORPORATION 
CARNEGIE, PENNSYLVANIA 

















famous for To p U u ality 





thanks Te 
THE MOST MODERN PATTERN SHOP 
of its size... anywhere! 


While maintaining the top quality for which Acco/sy Castings are famous while 


Striving tO give Customers better, More Complete service we have leveloy ed in 


our own plant the most modern pattern shop of its size—anywhere! Here the finest 


| hrainahl 1} , t | rir , | 
TOOIS ODTAaINaDIe, ¢ perated by long-experienced engineering craftsmen, are used to 


best possil le advantage in making both wood and 


many metal 
patterns for alloy castings. No pattern is too intricate, no 
great for complete solution in the most 
|, Just one more reason why Accoloy ts always 

ls 


st choice of so many industrial men who demand 4 


In d4HOy Castings 





ALLOY CASTING COMPANY 
Champaign, Illinois 
Ae pV 


he 


ENGINEERIN G Orrieces tw 
Chicago: F. J. Staral * Tel: Delaware 7-4430 


rRetUnmetiPrat crrrtEes 
Detroit: Frank W. Faery * Tel: Temple 1-7878 
Pittsburgh: A. D. Sutherland * Tel: Atlantic 9366 
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avo JOINT TROUBLE™ 


IN ALUMINUM ASSEMBLIES 





ALUMINUM FASTENERS 


right on your drawings! 





WRITE FOR FREE SAMPLES 


There’s no need to run the risk of the galvanic corrosion 
: that can come when aluminum is fastened with dis- 
of the types that interest you. And ue we . : 
similar metals. The complete line of Aleoa Aluminum 

phone your nearest Alcoa sales office ; 

ae: Fasteners includes all the types required to meet any 
or Alcoa distributor for prompt serv- ; : 
; production assembly need. 
ice. ALUMINUM COMPANY OF AMERICA, 


oe : Complete ranges of sizes and head ty pes. Slotted or 
2101G Gulf Building, Pittsburgh 19, Pa. 





Phillips head. Made to Alcoa quality standards, yet 


not expensive, 





[ALCOA| 


INiexoy:\ FASTENERS. 


INGOT - SHEET & PLATE - SHAPES, ROLLED EXTRUDED ~ WIRE - ROD - BAR - TUBING - PIPE ~ SAND, DIE & PERMANENT MOLD CASTINGS ~ FORGINGS . IMPACT EXTRUSIONS 
ELECTRICAL CONDUCTORS ~ SCREW MACHINE PRODUCTS ~ FABRICATED PRODUCTS ~ FASTENERS - FOIL ~ ALUMINUM PIGMENTS ~ MAGNESIUM PRODUCTS 


July, 1949; Page 33 








vay LUNGSTEN 


is used in 
jet engine parts 


Small amounts of tungsten are used in the al- 
loys for turbo-jet parts because tungsten increases 
their hardness and strength even at very high 
temperatures. The percentage of tungsten in high- 
temperature parts depends upon the physical 
properties desired and the service temperatures 
to be met. Tungsten-bearing alloys are produced 
in both cast and wrought forms. 


For the manufacture of high-temperature alloys, 





ELECTRO METALLURGICAL DIVISION 


Union Carbide and Carbon Corporation 


30 East 42nd Street [[q@§ New York 17. N. Y. 
OFFICES: Birmingham ¢* Chicago * Cleveland * 
New York °* Pittsburgh ¢* San Francisco 


In Canada: Electro Metallurgical Company of Canada. Limited. 
Welland, Ontario 


Detroit 


NOZZLE VANES 


TURBINE BLADES 





TAIL CONE 


TAIL PIPE 





ROTOR 


SHAFT 


ELECTROMET supplies a high-quality ferro tung- 
sten conforming to A.S.T.M. Specification A144-39. 
This ferro-alloy contains 70 to 80 per cent tungsten 
and a maximum of 0.60 per cent carbon. It is 
available for immediate delivery in a crushed size 
of % inch by down and is suitable for all electric 
furnace additions of tungsten in producing special 
heat-resistant alloys. Write for additional informa- 


tion on tungsten and other ELECTROMET alloys. 


Electromet 


TRADE MARK 


Ferro-Alloys and Metals 
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~wi» GULF Soluble Cutting Oil 


we eliminated warping 
of cast iron parts 


get longer wheel life 
—no loading 


greater production” 
o-- says this foreman 


Machine Shop Foreman of a New 
England manufacturing plant con- 
sults with a Gulf Lubrication Engi- 
neer on results obtained with Gulf 
Soluble Cutting Oil on turret lathe 
work. (Above) This quality cutting 
oil is also used in this plant in sur- 
face and cylindrical grinders. 


“We've improved our over-all production picture 
every month since we adopted Gulf Soluble Cut- 
ting Oil,” says this Machine Shop Foreman. ‘For 
example: Gulf Soluble Cutting Oil eliminated 
warping of cast iron parts on our surface grinders 
—wheels cut cleaner and cooler, show less wear. 
On cylindrical grinders we've improved wheel 
life and eliminated wheel loading. On turret 
lathe work we have stepped up production, in- 
creased tool life.”’ 

Gulf Soluble Cutting Oil meets today’s de- 
mands for a cooling and lubricating fluid which 
will do a better job over a wide range of turning, 
milling, grinding, and many other machining 
operations. 

For further information on Gulf Soluble Cut- 
ting Oil—and for one of Gulf's practical slide- 
rule-type calculators, which will help you main- 














Gulf Oil Corporation - Gulf Refining Company "ro on, Scene 


July, 1919; 


tain desired soluble oil concentrations—send the 
coupon below. 


Gulf Oil Cerporation - Gulf Kefining Company MP 
381) Gulf Building, Pittsburgh 30, Pa 


Please send me, without obligation, the material I have indicated 
below 


Further information on the new Gulf Soluble 
Cutting O' 


“Practical slide-rule-type calculator for help in main- 
taining desired soluble oil concentrations 


Name 

Company 
Title 
Address 


New York 
Houston - 


* Philadelphia - Pittsburgh 


Atlanta - Toledo 


New Orleans - Lovisville - 
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tows REAL Qualiig; Conitoot/ 








DO YOU HAVE 
this 
HANDBOOK ? 


We are referring to the 
176-page book labeled 
“The Tool Steels of Alle- 
gheny Ludlum.” It covers 
LXX, DBL-2, Super 
Panther, Deward, Sara- 
toga, Huron, Ontario, 
Sagamore, Potomac, 
Pompton, Seminole, 
Utica, and other famous 
A-L grades. Get your copy. 


ADDRESS Dept. MP-77 








That block or bar or rod of quality 
tool steel you received from Allegheny 
Ludlum... had to run the gamut of 
our vigilance committee right up to 
shipment time. You probably weren't 
here to watch the technically planned 
mill procedure, the laboratory con- 
trols, and the inspections—but you 
can quickly appreciate the value of our 
dozen or more quality safeguards, 
once the steel goes into service. 
Consider, for example, the super- 
sonic reflectoscope. It’s uncanny how 
that ferrets out any internal flaw. 
This daily ritual of checking, test- 
ing, and inspecting at the various 
stages of production means that, in 
effect, we are operating our own 
“Bureau of Standards.” By thus in- 
suring quality, we protect you—the 
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customer. You get better results. 

For sound, clean, tool and die steels 
—uniformly accurate in analysis, struc- 
ture, hardness, and size—call A-L. 


LLEGHENY 
UDLUM 


STEEL CORPORATION 
Pittsburgh, Pa. 


TOOL STEEL DIVISION: DUNKIRK, N. Y. 


lute love Sitdld 
Ounce (854 








you can Be SURE.. ie its 
\V estinghouse 


\ 


Here’s the solution to your 
Gas Carburizing Problems 





Westinghouse Therm-a-neering has the 
answers. This engineering and metallurgical 
service is offered with no obligation to the 
man who “can’t be sold”, but, who is willing 
to accept proof of efficiency and dependability. 
Therm-a-neering custom-builds equipment to 
fit your individual requirements, assuring 
smooth and economical operation of your heat- 
treating line. 

Take the carburizing furnace shown above, 
for example: one continuous and complete 


operator handles all work easily. Production 
is maintained at 800 net pounds per hour. 

This installation is typical of the way 
Westinghouse furnaces—both gas-fired and 
electric—are answering today’s production 
problems. And because Westinghouse engi- 
neers have no favorite to play, they can study 
your problems from an unbiased point of view 
in helping you select the equipment to do your 
job most efficiently and economically. 

Let Therm-a-neering help you. Call your 


operation puts all parts through the same cycle, 
same atmosphere, same temperature. Uniform- 
ity of parts is assured. Rejects are eliminated. 


nearby Westinghouse representative for de- 
tails, or write Westinghouse Electric Corpora- 


tion, 181 Mercer St., Meadville, Pa. J.10350 
And the work is done fast. No handling of 
parts is required between charging and dis- 


charging. Doors open automatically. One 


4/€) ai j lf. A HEAT AND METALLURGICAL SERVICE THAT 
OFFERS WITHOUT OBLIGATION 


ENGINEERS — Thermal, design and metallurgical engineers to help you study 
your heat-treating problems with a view toward recommending specific heat 
treating furnaces and atmospheres 


GAS AND ELECTRIC 


RESEARCH—A well-equipped metallurgical laboratory in which to run test 
samples to demonstrate the finish, hardness and metallurgical results that can 
be expected on a production basis. 

PRODUCTION—A modern plant devoted entirely to industrial heating. 


EXPERIENCE— Manufacturers of a wide variety of furnaces—both gas and elec- 
tric—and protective atmosphere generators. 
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Put Polishing and 
Buffing Operations 
On A Production 
Basis! 


At left above: ACME 6-ft. Continuous 
Rotary having 50 continuous revolving chuck 
spindles—1 polishing head and 5 buffing heads. Used 


for finishing octagon plumbing goods escutcheons 





At left: ACME 10-ft. Continuous Rotary having 96 
Continuous Revolving Spindles. Used with 2 ACME 
Type G-3 Universal polishing belt heads with floating 
back-up wheel and 8 ACME Type G-3 buffing lathes. 


Used for polishing and buffing brass door knobs. 


{CME Continuous Rotaries are built in various table sizes from 20 inches 
to 10 feet or more in diameter. They are adaptable to a great many arrange- 


ments that keep finishing costs down on polishing and buffing operations. 


ACME builds Straight Line and Rotary Automatics, Semi-Automatic and 
Special machines to handle virtually any type or size of polishing and buff- 


ing operation on a production basis. Acme Automatics cut finishing costs 


and get more output per man-hour. Payroll dollars buy more production 


when ACNE machines are used! 


Ac ME Manufacturing Lo. 


t Min 4 Ayers HOWARD ST. DETROIT 16, MICH. 


BUFFING 
MACHINES 7 CAA VF AUTOMATIC POLISHING AND BUFFING MACHINES FOR OVER 30 YEARS 
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you can 6€ SURE.. i its 
Westinghouse 


OnTROLLT py 


with the NEW wesTINGHOUSE X-RAY 
THICKNESS GAUGE 


Here’s how to gauge the steel strip on high-speed, cold reduc- 
tion mills or the slower classification line. The Westinghouse 
X-Ray Thickness Gauge provides a direct comparison method 
of gauging accuracy which is independent of strip speed and 
yet holds to minute tolerances. There is no contact between 
gauge and sheet . . . no damage to strip surface .. . no me- 
chanical gauging wheels to maintain. 

What's more, operation and calibration of the gauge are 
handled by remote control at the operator’s control panel. 

The pause employs two x-ray tubes and one photo-multi- 
plier tube, resulting in complete circuit stability. It is compact, 
of rugged mechanical construction and experience-designed 
to give “steel-mill” type continuity of service. 

Here are other advantages: 

e Rapid setup time for each run 

e Wide throat for easy threading of strip 

e Arms in suitable lengths for specific requirements 

e Unit may be installed to allow lateral scanning of strip 


A look at the remote control panel pictured All in all, the new Westinghouse X-Ray Thickness Gauge 
above shows at a glance the advantages of 7 


de Gentian X-Ray G ‘ h is the direct route to economy for you and quality for your cus- 
ee way eae Oe Cat tomers. Get the facts today. Call your local Westinghouse 

methods of thickness gauging. : : ~<a 
representative, or write Westin house Electric C orporation, 


1. Controls may be set to operate tolerance limit P. O. Box 868, Pittsburgh 30, Pa. j-08223 
indicator lights for high-speed mill applications 


or to operate the reject gate on a classifica- 
tion line. 


Gauge can be calibrated from operator's con- 
trol panel. 


Comparison standards per tly ted 
in lower arm of gauge are set up autematiadiy 
to thickness chosen on control panel. No 


manual handling of calibration samples. 
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for stainless sheet and strip 


Automobiles were once designed as horseless carriages—even to the dashboard 
socket for a needless whip. Stainless stecl production, too, once struggled thru 
horse and buggy thinking. More power, heavier rolls, more care in surface finis! 


—and stainless sheet and strip came forth a step-child of carbon steel methods. 


Today's modern strip mills have changed this, giving stainless production new 


concepts of quality. 


CRUCIBLE, one of the pioneers in stainless steel, has gone still further. Now, for 
the first time, hot and cold rolled stainless steel is made a specialty product, by specialty 
production methods, in a mill built specifically for this purpose—in widths fron 


1” 


2" to 50” inclusive, and in all gauges, grades and finishes. 

This is more than merely another source of supply. For, with this new mill 
at the Midland Works and the Trent Tube Co. joining the organization, cruciBL 
can now supply you with every form of stainless. And, in sheets, plates, strip, bars, 
tubing, forgings, wire and castings, you can rightly expect the best that modern 


facilities and generations of specialty product \ adership ean provide, 


CRUCIBLE STEEL COMPANY OF AMERICA, 405 Lexington Ave., N. Y. 17, N.Y. 


Branches, Warehouses and Distributors in Principal Cities 





first name 


July, 1949; Page 41 





A workman assembles louvers on the combustion chamber of an 
oil space heater. The louvers are made of .035 Armco ALUMINIZED 
Steel for high heat reflectivity and resistance to corrosion 


If your products or equipment operate in 
temperatures up to 1250° F., this is what 
Armco ALUMINIZED Steel offers you: 

Longer service life and lower mainte- 
nance costs. 

This aluminum-coated steel gives your 
products many desirable properties which 
neither steel nor aluminum alone can give 
you. It “covers up” under heat by starting 
to alloy with the aluminum coating at 
about 900° F.—forming a heat-resistant 
refractory layer. There is no destructive 
heat scaling below 1250° F. 

It has other advantages too: Resistance 
to heat discoloration up to 900° F.; high 
heat reflectivity; resistance to corrosion by 


various gases at moderately elevated tem- 
peratures; plus the rigidity, creep strength 
and impact resistance of steel. 

Armco ALUMINIZED Steel withstands 
moderate drawing and forming operations 
without damage to the coating. It can also 
be spun to moderate depths. Most welding 
methods are satisfactory. 

If your product-problem is a combina- 
tion of heat and corrosion, why not look 
into the advantages of Armco ALUMINIZED 
Steel? If you wish, our metallurgists will 
be glad to consult with you about your ap- 
plications. Just write Armco Steel Corpo- 
ration, 3059 Curtis Street, Middletown, O. 


Export: The Armco International Corporation 





a 
RMCO 
V/, 
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The high-temperature, corrosion-re 
sistant alloys, of which aircraft turbo 
superchargers are made, are easily and 


quickly joined by U NtonmeLt welding 


UNIONMELT Welding 


a fast, easy way to join plain and super alloys 


Usxionme tt welding electrically, without flash, 
glare. or spatter, produces sound, high quality welds 
of smooth. clean finish—welds which while hot are 
protected by amolten coy ering of fused L NtoNMELT 
composition applied in granular form. When cool, 
the fused composition detaches itself and no chip- 
ping or peening is required to finish the weld. 

The high welding currents, characteristic of the 
process. produce uniform welds of extremely deep 
penetration at high speeds. In welding alloy steels 


and non-ferrous metals. special welding rod and 


sometimes special types of granular welding com- 
position are used to produce weld metal of the 
composition and characteristics required. 

Linpe Engineering Service can help you whether 
your job involves welding with LNtonwELT com- 
position or the use of any of the numerous Lint 
methods for joining. cutting, forming or treating 
metals. 

Call or write any Linpe office for a copy of 
booklet F-6077, 
welding. 


which fully deseribes t \to\ vent 








30 Fast 42nd St.. 


rg” - 
THE LINDE 
Unit of Union Carbide and Carbon Corporation 


New York 


AIR PRODUCTS COMPANY 


17, N.Y. [fg Offices in Other Principal Cities 


In Canada: DOMINION OXYGEN COMPANY, LIMITED. Toronto 


July, 1919: 


and “Unionmelt,” are 


registered trade-mark The Linde Air Products Company 
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The new Airco 800 Torch is designed r 4 With the addition of a cutting attach- 
for tourvh, heary-duty jobs. As shown a% —— } ment, the Airco 800 is easily converted 


in the illustration, the torch operates =. / to handle general shop cutting work 


with a complete range of welding tips If you would like more information about 


this torch, or a FREE demonstration right in 
your own shop, address Dept. MP-8471, 
of tips for other uses. No other torch ‘ i : - Air Reduction, 60 East 42nd Street, 
can offer this wide operating range Se ‘ 4 New York 17, N. Y. In Texas: Mag- 
The torch head is of durable, long- : nolia Airco Gas Products Company, 
wearing mone] metal; thus fewer torch Houston 1, Texas. On West Coast: Air 
head replacements, and lower mainte- Reduction Pacific Company, San Fran- 
nance costs result. The general design cisco 4, California. 
of the new Airco 800, plus flexible 1/4 


or 5/16" I.D. hose. assures perfect bal- 
ance and ease of manipulation . .. low- LR EDUCTION 
ered operator fatigue. 


Offices in All Principal Cities 


with or without individual mixers) as 


well as heating, brazing and a variety 


Headquarters for Oxygen, Acetylene and Other Gases . Carbide . . . Gas Welding and Cutting Machines, Apparatus and Supplies Arc Welders, Electrodes and Accessories 
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The small valve is for the dairy industry: the large one 
for the brewery field. Both are cast of Federated Nickel 
Silver... for very good reason, 
Since 1912 the Specialty Brass Company, Kenosha, 
Wisconsin, has been making castings for dairy equipment. Then, and even more 
so now. the demands of this food industry forbid the use of castings with even 
the slightest blemish. Brewery equipment must likewise be virtually perfect. 

To produce such castings consistently ... and to be famous for it... Specialty 
Brass uses the best in methods, and the best in materials. Specialty uses Federated 
Nickel Silver exclusively. 

Nickel silver alloys are particularly suited for use where high corrosion re 
sistance and silvery white color are important. Federated metallurgists can tell 
you exactly what alloy fits your need. They are ready and willing to help out in 
your foundry, too, should casting problems arise. 

For nickel silvers: brasses and bronzes: aluminum and ma 
nesium alloys: solders: babbitts: fabricated lead products; for 


any non-ferrous metals, see Federated first. 


Fede METALS DIVISION 


AMERICAN SMELTING AND REFINING COMPANY, 120 BROADWAY, NEW YORK 5, N. Y. 
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THERE IS A SUNBEAM STEWART 
INDUSTRIAL FURNACE FOR EVERY NEED 
GAS + ELECTRIC - OIL 


THE BEST INDUSTRIAL FURNACES MADE 


Regardless of whether you heat treat in small 
quantities or continuous production, Sunbeam 
Stewart engineers are well qualified to recommend 
the correct furnaces to meet your requirements. 

As a division of Sunbeam Corporation we have the 
opportunity of working with our furnaces in the pro- 
duction of Sunbeam appliances, lawn sprinklers, 
sheep shears, animal clippers, etc. In manufacturing 
our own products we must contend with practically 
every heat treating problem faced by industry—a 
position unique in the furnace manufacturing field. 

This experience with our own furnaces in both HARDENING, QUENCHING 
small or large volume production enables us to AND DRAWING UNIT 
render a service to you far beyond other manufac- 
turers. That is one reason why Sunbeam Stewart 
Furnace installations have been so successful. They 
cre based not only on furnace engineering ability, 
but on practical experience under actual operating 
conditions. We have learned through actual experi- 
ence the factors that give longest furnace life... 
greatest production ... best quality .. . and lowest 
operating cost. 

Our highly trained technical staff of furnace engi- 
neers, who for over 50 years have built furnaces for 
the leading companies throughout the United States 
and abroad, are qualified to recommend the correct 
type of furnace to meet your requirements. 








A letter, wire or ‘phone call will promptly bring you informa- 
tion and details on Sunbeam Stewart Furnaces, either units for 
which plans are now ready or units especially designed to meet 
your needs. Or, if you prefer, a Sunbeam Stewart engineer 
will be glad to call and discuss your heat treating problem 








FREE Vest- 
est-Pocket Heat Treating Data Book. MAIL today. nenraaye OVEN FURnaES 


CHECK for information on furnaces to meet your needs  - 


O Atmosphere-controlled O Electric high speed CJ Oven 


O Bonderizing oO 
Electric pre-heat 
O Brazing furnace : O Pot 
C) Car bottom C Forging C) Recirculating 


C] Cose rn 0) Galvanizing C] Rivet heaters 
C) Combination C) Gas carbur zing C) Rotary heurth forge 
C) Complete toolroom 0 Ges nitriding Oo Soldering iron heaters 
C) Continuous production C] High speed stee! CJ Tempering 

hect treat line C] Metal melting C] Toot hardening 








NAME 
TITLE 


RECIRCULATING 
FURNACES 


COMPANY 





ADDRESS 


SUNBEAM STEWART INDUSTRIAL FURNACE DIVISION of SUNBEAM CORPORATION 


(Formerly CHICAGO FLEXIBLE SHAFT CO.) 


New York 19—Detroit Offic 
r ice: 3049 
Canada Factory: 321 Weston Rd., So , Toronto 9 ee 


Main Office 
yn ¢ e: Dept.108, 4433 Ogden Ave Chicago 23—WNew York Office: 322 W. 48th St 
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Intricate Shapes at Reasonable 


with HAYNES Zeccacon 


Trade-Mark 





4 


> 


aA 


. 
- 


1 Ri ES ORD, 


Assembly costs are elimi 
nated by producing this 
stainless steel valve cage 
by the precision investment 
casting process. Formerly 
made in two pieces and 
joined together, the cage 
is now produced as a 


single, integral casting. 


This screw cycle controller 
is investment-cast from a 
one-piece wax pattern. The 
port wos formerly made 
by brazing together two 
individual pieces machined 


from bar stock 


This Haynes Stewie alloy 
sealing segment was re- 
designed in order to avoid 
warpage and distortion 
Although the ribbed section 
— which was formerly solid 
—adds to the intricacy of 
the part, it causes no fabri 
cation difficulties when 
produced by Haynes pre- 


Cision investment casting 


The alloys that are available as 
HAYNES precision investment cast- 
ings—such as Haynes Sreceire, 
Hastrercoy, and Mtrrimer alloys, 
and certain stainless steels—are 
strong materials that resist the most 
severe abrasion, heat, and corrosion. 
But because of their unusual proper- 
ties, these alloys are often difficult 
and costly to fabricate by conven- 
tional methods. The precision invest- 
ment-casting process, however, is a 
practical method of producing parts 
from these materials. And it makes 
possible the liberal use of such design 
features as thin edges, fillets, irregu- 


lar holes, and intricate contours. 


If you need production quantities 
of an intricate part cast to close 
tolerances, investigate Haynes pre- 
cision investment castings. You will 
find that they are smooth and uni- 
form—and held to such close dimen- 
sional standards that several finishing 
operations might be eliminated, Our 
engineers will co-operate with you in 
designing new parts to be precision 
investment-cast, or in re-designing 
parts for greater efficiency and in- 
creased economy. For more informa- 
tion, write for the booklet “Hayes 


Precision Castings."’ 


Haynes Stellite Company 


Unit of Union Carbide and Carbon Corporation 
eC) 
General Offices and Works, Kokomo, Indiana 
yy a 


Sales Offices 
TRADE-MARK L Chicege —CI land —Detrott—H 


Les Angeles — New York— Sen Francisco —Tulse 








The trade-marks “Haynes,” “Haynes Steiite, “Hasteioy,” and "™ 
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1S NO SUBSTITUTE FOR EXPERIENCE . 














Sworly Siv Your > 


~~ - - 


' _ of specializing in the salt bath heat 
treating field has taught us many things. Our research has given us vastly im- 
proved salt baths for carburizing, annealing, hardening and tempering and 
enabled us to pioneer in modern black oxide finishing for both ferrous and 
non-ferrous metals. It has proved to us that quality, economy, reliability and 
uniformity are comparative factors. Our products have always been the “best”, 
but today they are better, and tomorrow our chemical, metallurgical, and tech- 
nical researchers may succeed in additional improvements that will benefit us all. 


Heatbath Corporation 
SPRINGFIELD «- MASSACHUSETTS 


% AMERICA’S OLDEST EXCLUSIVE HEAT TREATING SALT BATH SPECIALISTS *® 
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Foley, Transactions, American Society of 
Mechanical Engineers, Vol. 71, 1949, p. 147-152. 
Mosaic Structure 
Abstracted from “A Report on the Symposium on 
Mosaic Structure in Metals”, by ¢ 
and A. Guinier, Revue de Metallurgie,. 
1949, p. 61-71. 
Plasticity of Intermetallic Phases 
Abstracted from “Plasticity of Intermetallic Phases”, 
by E. M. Savitskii, Doklady Akad Nauk 
S.S.S.R., Vol. 62, 1948, p. 349-351 
All-Basic Roofs 


Abstracted from “The Chemistry of Chrome-Mag- 
nesite Roof Brick During Service”, by T. F. 
Berry, W. C. Allen and R. B. Snow, paper before 
the American Ceramic Society, April 1949. 


Lazarev, 
Shikhman, Zhurnal 
1948, p. 1149-1155 
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If your product is made of steel, it may be made lighter and more 
efficient — yet stronger and more durable—if it is made of HI-STEEL. 
Inland HI-STEEL permits the use of much greater unit stress in 
design, and has 50°) greater {ability to stand up under impact loads. 
That's why HI-STEEL sections can be up to 25°% thinner — thereby 
minimizing dead weight and permitting one-third more units to be pro- 
duced from every ton of your steel. In addition, HI-STEEL is far more 
resistant to abrasion and to atmospheric corrosion. It can be easily 
worked, hot or cold. 

Write for booklet. INLAND STEEL CO., 38 S. Dearborn St., Chicago 3, 
Ill. Sales Offices: Chicago, Davenport, Detroit, Indianapolis, Kansas 
City, Milwaukee, New, York, St. Louis, St. Paul. 


HI-STEEL meets the requirements of SAE Specification 950. 


‘yy 


a 


NAAN 


HI-STEEL “" 


REG. U_S. PAT. OFF 


THE LOW-ALLOY HIGH-STRENGTH STEEL 
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Critical Points 


By The Editor 


Metallographic Exhibit 


T IS NOT too early to start thinking about the 

Metallographic Exhibit at the next @ conven- 
tion. Get the boys together and select the best 
work of the current year. At the exhibit, in Cleve- 
land, you can see how it stacks up alongside the 
best from metallographers throughout the country. 
As in previous exhibits, there will be no annoying 
red tape. Complete announcement will be made 
in Metals Review for July. 


Some New Ideas About Foundry Work 


] IDING from Chicago to Champaign, in central 

Illinois, began to doubt the oft-repeated state- 
ment that the oldest of man’s arts are least hos- 
pitable to modern improvements, for here was 
Agriculture, represented by endless cornfields geo- 
metrically sprouting in rows and ranks, and dozens 
of tractors busily cultivating, yet not a single team 
of draft horses to be seen. And once in Champaign, 
at the Alloy Engineering and Casting Co.’s plant, 
found the most ancient Foundry Art being taken 
apart and each of its fundamentals so modified 
that, on reassembly, the operations would hardly 
be recognized by Biringuccio or Agricola. The 
problem being studied under Navy research and 
development contracts (in which the Bureau of 
Ships and Bureau of Aeronautics are participating) 
is how to make a well-designed casting 
designed”, mark you 


“well- 
in such a way that it will 
need no machining, retain maximum fatigue 
resistance, and will be accurate to shape even after 


numerous runs at highest temperature. 
Castings made in conventional sand 
molds and cores are rough on the sur- 
faces; entrapped within their body are 
many fragments of sand, and bubbles 
of gas from moisture and binders; thus 
they have a multitude of stress raisers 
both outside and inside. Lack of con- 
trol of casting temperature, pouring 
rate, and cooling velocities mean wide 
variations in grain size, yet large grain 
size usually means low endurance to 
alternating mechanical and thermal 
stresses. The requirements could be met, 
then, as reasoned by H. H. Harris, who 
has general direction of the research 
project, by a clean casting of nickel- 
chromium-molybdenum alloy, highly 
accurate in dimension, with uniformly 
fine crystals and very smooth surfaces. 
Yes, but how? Surface roughness, 
dirt inclusions and blowholes can 

probably all be corrected by throwing 

molding sand out the window, using instead 
powdered refractory materials. Mold surfaces 
then can be almost as smooth as glazed china- 
ware. The minimum amount of moisture neces- 
sary for binder is baked out by di-electric (radio 
frequency) heating such molds and cores are 
really dry, even slightly fritted. The aim of asso- 
ciated ceramic investigations is to be able to for- 
mulate mixes of minerals, carbon, metal powders, 
exothermic chemicals, or plastic threads so the 
mold will have proper resistance to the molten 
metal, proper heat capacity, and minimum neces- 
sary strength at first, but become friable enough to 
be cleaned out of cores. (This portion of the work 
has already been so successful that new ceramic 
materials are used in many portions of the sand 
molds in present production at allied foundries in 
Champaign and Boston. Likewise the Bureau of 
Ships has used these newly developed mold mate- 
rials for casting test bars. The assembled unit, 
capable of bottom-pouring six rectangular bars of 
graded thickness, is stored in airtight cans until 
used; molding variables, which have such a large 
influence on strength of thin sections, are at last 
eliminated. Likewise the conductivity of the molds 
is so uniform that the grain size of the casting is 
an accurate measure of the pouring temperature.) 
So much for smooth surfaces. Assuming that 

no loose dirt or dust is left behind, the next 
problem is to get metal into the mold without 
turbulence and scour. Slow pouring of rather cool 
metal is also desirable for fine grain size in the 
casting; the ideal condition would simulate the 
continuous casting of aluminum-alloy slabs, 
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wherein the mold extracts heat at the same rate it 
enters via liquid metal. Centrifugal casting of disks 
or hoop-like shrouds also seems to be desirable, 
although in this event special gating is required to 
prevent slap or scour of metal against mold when 
they are moving at different speeds and directions. 

Pouring at a controlled rate and at proper 
temperature is by no means easy. Even the accu- 
rate and continuous measurement of temperature 
within the ladle awaited improvements in pyrom- 
eter protection tubes. A bottom pour, or teeming, 
ladle seemed to be far better than the conventional 
“tea pot’; the stream from the former would be 
much closer to the temperature measured within 
the ladle. But here an unexpected trouble stymied 
progress: Nozzles of sufficiently small diameter 
would freeze—-or scour if you ran them fast 
All right, make them 
of graphite and build in a small electric coil for 
auxiliary heat. Also bathe the exit stream with 
argon to avoid oxidation on the short trip from 
ladle to downgate. Then mount the ladle and 
observational equipment on a scale platform, swing 


enough to prevent freezing! 


this above the spinning mold, keep centered on 
the axial down-gate with an electric eye, and 
record continuously weights and temperatures. 
Then you will know what you are doing! 

Possibly this summary has gone far enough 
without noting that the turntable which spins the 
mold also carries a bank of capacitors and elec- 
trical connections so that extra heat can be put 
into any part of the casting either to slow down 
the crystallization rate or to keep a channel or a 
reservoir liquid. Likewise refrigerated brine can 
be led in to copper cooling coils for its opposite 
effect. Furthermore, the whole thing can be tightly 
covered and the casting done under controlled or 
inert atmosphere — either pressurized or under 
partial vacuum 


Sapient Observation 


R O. EASTMAN, who conducts research for 
* periodical publishers, writes, “You can’t do 
anything about anything that you don’t know 
anything about.” 


Difficult Stampings of Strong Steel 


| UNNING down a rumor that the automotive 
body designers are again making all-but- 


impossible demands for deep-drawn shapes for the 
1950 models, revisited Great Lakes Steel Corp. 
near Detroit where 10 years ago CHARLES LAUFLE 
and CLARENCE ALTENBURGER started to promote the 
idea that high yield strength (even in low-alloy 
sheet) was frequently more necessary than high 


elongation when making certain types of difficult 
stampings, and was pleased to find that their 
efforts have been so successful that they are now 
making about half the American tonnage currently 
classed as “weldable, low-alloy, high-strength 
steel”. The Epiror had to confess that he thought 
of this class of material as “structural”, and hence 
visualized angles, plates and forging billets, 
unmindful that sheet metal parts and assemblies 
can also act as load-carrying members. With 
pardonable pride, LAUFLE pointed to an advertise- 
ment prepared in 1944 which showed a car of 1949 
shape with front and rear bumper (of his favorite 
steel, of course) extending so far back and front 
that they met and formed a continuous crash 
guard around the whole body. Such a progressive 
viewpoint, together with technical information 
understandable to die makers and stamping fore- 
men, has just about corralled the business in 
bumpers. These are polished in the flat, covered 
with protective lacquer (“liquid envelope”), 
formed, stripped of the rubbery coating, and 
plated. The steel has sufficient strength, both 
naturally and induced by cold work, for every- 
thing but a crash; obviously it is more economical 
to use than a simple carbon steel that would 
require strengthening by heat treatment (with 
subsequent straightening, descaling and_ polish- 
ing) and even then be so stiff as to transfer colli- 
sion damage back into the car’s underframe.... . 
ALTENBURGER says that, despite extensive scientific 
studies of cold forming theory, new stampings 
are still achieved by traditional methods: Make 
the dies like similar ones which have been success- 
ful in the past, and if too many stampings crack, 
blame the steel. This occurs the more frequently 
in shops with the least experience, and in this 
respect the situation is worsened by the turnover 
in manpower since 1940. He is now working on 
the idea that any large shop could classify its 
stampings as to nature and as to difficulty, and 
range them from easiest to hardest in a “stretch- 
ability” series. Then, if the shop has made suc- 
cessfully a shape far down on the series, it should 
not have much trouble with a new one similar to 
another placed somewhat higher on the list. 


A Correction 


ERROR is contained in the Editor’s sum- 
“% mary of the article on “Selection and Heat 
Treatment of Cutting Tools” by Norman I. Stotz 
on p. 485 of the April issue. The 5-1-1 chromium- 
molybdenum-carbon steel developed by Messrs. 
Stotz and Scott is an air hardening tool and die 
steel for cold work, not a “hot work steel’, as said 
there, nor a steel for die casting dies. 


Metal Progress; Page 52 





Precision 


Investment 


( asting 


yy IS almost a requirement that all articles on 
investment casting start off with a reference to 
Cellini, the incomparable artist. Also with a state- 
ment that the pre-war utility was principally con- 
fined to the manufacture of dentures. Consider 
these things said. Furthermore, since the Editor 
of Metal Progress has summarized clearly the 
recent history in the March issue (p. 325) and the 
present author in The Iron Age for Feb. 10, 1944, 
this matter can rest, and we can proceed imme- 
diately to an exploration of the possibilities, lim- 
itations and problems of precision investment 
casting, so that engineers, designers and metal- 
lurgists may be able to cooperate more efficiently 
to the mutual advantage of both the users and 
manufacturers of castings. 

The principles are simple. A replica of the 
desired casting is formed of wax; sprues are 
attached, also of wax, and the whole is “invested” 
in plaster. This “investment” is then allowed to 
harden; it is carefully heated, which melts the 
wax. Into the cavity thus formed, metal is cast. 

Gypsum (calcium sulphate), mixed with fine 
silica, was the setting agent used in these earlier 
investments. They are good only for metals with 
melting points below 2000°F. The lack of more 
refractory investments, if nothing else, prevented 
the process from being used for such high-melting 
metals as oxidation and corrosion resistant alloys. 

This was the “key log” broken in 1932 by 
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By Albert W. Merrick 
Chief Metallurgist 
Austenal Laboratories, Inc. 


Vew York City 


Charles H. Prange of Austenal 
Laboratories by devising an 
investment consisting entirely of 
silica, based on the controlled 
hydrolysis of ethyl silicate as the 
setting agent. 
Limitations — By this means, 
castings can be made of any 
metal or alloy that is castable 
by ordinary foundry processes 
For commercial production, the 
practical upper limit of casting 
temperatures would be about 
3200° F. 

Then, too, there are a few 
reservations that should be kept 
in mind. Elemental metals such 
as oxygen-free copper, or very 
pure nickel or iron, should not 

be considered as commercially feasible in the 
ordinary usage of this term. Furthermore, there 
are certain alloys that are troublesome when 
making castings like turbine blades that have 
very thin edges, since they require high casting 
temperatures. Some of the stainless steels (espe- 
cially the straight chromium-iron alloys such as 
type 410) are likely to give trouble from slaggy 
surfaces that leave a pitted condition; this can be 
controlled to some extent but production costs are 
higher and other alloys should be used when 
possible for thin-edged sections. While we have 
had no experience with the austenitic manganese 
steels, I believe they would present a similar 
difficulty 
titanium also present difficulties with slag forma- 


even to a greater degree. Alloys with 
tion, and some with aluminum (Alnico compo- 
sitions, for example) are still more difficult to 
handle. 

On the other hand, toolsteels cast easily and 
respond normally to heat treatment. Some pre- 
cautions must also be observed: There is some 
decoarburization at the cast surface, for which a 
grinding allowance of about 0.010 in. must be 
made if full hardness is desired. It should also 
be kept in mind that shock resistance is lowet 
for castings than for tools machined from rolled 
or forged stock of the same analysis. In certain 
instances designs may be changed so that excellent 
service can be obtained from cast parts that might 
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otherwise be unsatisfactory. This observation 
applies to toolsteels cast to shape by any toundry 
process, if the as-cast structure is not modified 
by subsequent hot work. 


Mechanical Properties 


Only a few specific points can be offered for 
consideration in the available space: 

First, it should be remembered that we are 
dealing with castings and that mechanical prop- 
erties of the metal are nondirectional. We are 
often prone to compare the properties of castings 
with those of rolled or forged stock, forgetting 
the elementary fact that customarily the proper- 
ties reported for structural steels, for example, 
are those obtained from test specimens taken in 
the direction of rolling or forging the most 
favorable direction. 


Fig. 1 Velting and Casting Machines for Making Precision 
Investment Castings. Small carbon electrodes enter the steel 
casing through the trunnions and heat the metal. held in an 


internal crucible, by indirect arc. 


meas uring the temperature with an optical pyrometer. The 
mold (investment) is clamped upside down to the furnace lid, 
the combination then inverted, and the mold filled with the 
aid of air pressure momentarily injected into the furnace she ll 


The nearest operator is 


When test bars are machined from specimens 
taken transverse to the direction of forging, the 
ductility, as measured by percentage of elongation 
and the impact strength, is materially reduced. 
These facts are, of course, well established, yet 
there is a tendency on the part of many designers, 
engineers and writers of specifications to overlook 
this elementary but fundamental fact. 

For example the latest (1948) edition of 
Bullens’ “Steel and Its Heat Treatment” (Vol. I, 
p. 118) quotes the following properties for heavy 
plate rolled of high-strength mild-alloy — steel, 
tested as-rolled in the three principal directions: 

LONGITUDINAL ‘TRANSVERSE PERPENDICULAR 
rensile 65/75,000 psi. 65/75,000 psi. 
Yield 15/50,000 psi. 45/50,000 psi. 
Elongation 30% 20% 
Reduction 65% 55% 


65 75,000 psi. 
15/50,000 psi. 
2to 4% 

5 to 15% 

It is certain that investment-cast test bars of 
such a steel would have consider- 
ably better figures for percentage 
elongation and reduction of area 
than those in the last column, and 
would always approach and _ fre- 
quently exceed the values given in 

the middle column. 

There is a second point, espe- 
cially pertinent to precision invest- 
ment casting: It is very convenient 
to cast the customary 0.252-in. 
diameter test bars “to size” 
threaded grips included) so that 
no machining is required. A_fur- 
ther advantage is that the surface 
of the casting is not machined off 
the test bar and it influences the 
results according to its excellencies 
or deficiencies. The industry very 
naturally adopted this as common 
practice. In many types of alloys, 
the shrinkage characteristics, mol- 
ten to solid, are such that this 
method of casting produces sound 
metal in the gage length section, 
and satisfactory tensile properties 
are obtained. 

There are, however, some very 
important exceptions, notably plain 
carbon steels, low-alloy steels and 
some of the stainless types. Test 
bars of such materials, cast as 
described above —— that is, gated at 
the ends only will invariably 
show low elongations compared to 
those generally accepted as typical 
for the respective composition by 
the alloy steel casting industry 
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The cause is not inherent 
in the investment casting 
process, and the solution quite 
simple. Cast test bars are no 
exception to the laws of na- 
ture, and must be adequately 
fed (as any other casting) in 
order to be sound. A uniform 
cross section of 0.250 in. diam- 
eter and 2 in. long will exhibit 
a varying degree of shrinkage, 
dependent upon the type of 
alloy. This shrinkage is almost 
of microscopic character, and 
cannot be detected in radio- 
graphs, but it can be seen by 
sectioning axially and deep 
etching. By feeding the gage 
length section adequately, 
sound bars can be produced 
with good ductility as shown 
by the elongation and reduc- 
tion of area. 

To prove this point and to 
eliminate all other variables Fig. 2- 
besides feeding, a cluster of 
bars may be cast as shown in 
Fig. 2. Three of them are fed 
from ends only, while the 
remaining three simulate the 
“keel block” common in steel 
foundry practice. Test 
results are shown in 


the gage length. 


Table I, alongside, and 


them are cast to size, gated from ends 
only; three others simulate the standard 


and are later machined to shape along 
Test results follow: 


0.12% max. carbon, 12 to 
14% chromium, 18 to 2.2% 
nickel, 2.5 to 3.5% tungsten. 
Prior heat treatment consisted 
of holding at 1300°F. for 1 
hr. and then air cooling. 

By the “as-cast” practice, 
test bars of this alloy will 
show a large spread in figures 
for elongation, and usually will 


be less than half those shown 
in Table II. Specification A.M.S 
5354 calls for a minimum of 


5% in 1 in. rather than 10%, 
because the “as-cast” practice 
is requested. 

(Similar data could be pre- 
sented for the alloys in this 
group previously mentioned 
plain carbon, low-alloy and 
hardenable types of stainless 
steels. On the other hand, some 
of the high-temperature alloys 
have freezing characteristics 


Cluster of Six Test Bars such that the ductility values 
Cast in One Investment. 


Three of of as-cast and keel-block test 
bars are quite similar and con- 
sistent. 


keel block of the steel casting industry The old problem of “test 


bar properties” versus “casting’s 
properties” will probably never 


Table I — Tests on Cast 1020 Steel (Carbon 0.23%) 





are quite typical and rep- 
resentative of dozens of 
tests made on 1020 and 
other steels in this group. 


PROPERTY 


All bars were annealed at 
1650° F. Four were then 
quenched in water from 
1675° F.; corresponding 
pairs were tempered at 


Ultimate strength 
Yield (0.2% offset) 
Elongation in 1 in. 
Reduction of area 
Hardness 





ANNEALED 
ONLY 


61,700 
10,000 66,000 
34.2 17.2 9.4 ; 4.6 3.2 
51.0 57.0 30.5 29. 19.0 2.0 
B-75 B-98 C-39 -75 B-99 U-42 


Kee. Block As Cast 


TEMPERED TEMPERED 
ANNEALED 


1000° F. | 500° F. ONLY 1000° F. 500° F. 


87.200 | 157,000 64,200 


130,000 14,000 


90,000 
77,500 


140,000 
135,000 








1000° F. and at 500°F. 
respectively. 


Consistency of Properties 


There is also a good degree of consistency 
between bars from the same cast and casts from 
a series of heats of a given range of composition, 
when casting practices are under control the 
routine of every good foundry. See Table II, where 
three bars only were tested from each of a series 
of six heats. These were keel-block bars, machined 
to shape. Alloy was “Ascoloy” conforming to 


A.M.S. specification 5354. Composition was: 


be solved to everyone’s complete satisfaction. 
The writer would like to suggest that investment 
castings be tested directly wherever possible, 
since at present they are small in size. Castings 
should be as sound in critical sections as we know 
how to make them. This remark is intended to 
include test bars. Tensile test bars usually have 
at least two functions: First, to verify the 
mechanical properties of a specific heat of alloy, 
generally referred to as a “master melt” (and not 
to indicate the amount of shrinkage produced in 


a length eight times the diameter). Second, to 
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Investment casting was the process used 
to east (accurately to shape) the millions of 
impulse blades for aircraft engine turbosuper- 
chargers. High temperature alloys, difficult 
to machine and forge, are also cast into blades 
for gas turbines. The author. who is connected 
with the pioneering firm in this industry, dis- 
cusses the economics of the process and sug- 
gests applications whereby complicated shapes 
of more common steels and alloys may be pro- 
duced in competition with conventional mass 
production methods. The metals and alloys 
that can be cast, cover a wide range, including 


metals with melting points up to about 3000° F. 


investment castings now eall for 
test bars “as-cast”, which is not 
objectionable in certain high-temper- 
ature analyses. However, specifica- 
tions are now in preparation for some 
low-alloy steels, and this point should 
be given due consideration 


Melting and Casting Methods 


Any method for melting metal 
may be employed in investment cast- 
ing that is suitable for small unit 
melts. The same procedures, pre- 
cautions and experience are required 
that are necessary to control quality 
in foundries making large castings. 
Phere are also many methods of cast 
ing, and often the method of melting 
will largely determine the casting 
method. 





When making small nonferrous 
castings in investments, metal is 








indicate the expected properties in castings sub- 
sequently made from a “master melt”, which have 
been gated and fed in a manner aimed to produce 
soundness in critical regions. 


In research work, we certainly need to know 


often melted with a gas torch and 

east by the centrifuge method in a 

single-arm machine, o1 if melted 

in crucibles in larger quantities by a spinning 

table with several molds at a cast. With certain 
castings gravity pouring may be employed 

With steels and high melting point alloys, 


indirect are and induction furnaces are commonly 


the best properties that are capable of being used. Where very low-carbon alloys must be cast, 


developed in an alloy its “inherent” qualities induction melting may be necessary, whereupon 

and should not be misled by a shrinkage char- some form of centrifuge machine may be used 
acteristic that is very capricious in its manifesta- in casting. Other methods use gravity, directly 
tions on test bars cast to size. from the melt or by transfer ladle (if the casting 
No specific manner of gating test bars is being permits and large unit melts are made) 
advocated, but rather that test bars be cast with 


Whatever method of gating will yield bars 


Vacuum is sometimes applied to the invest- 
ment from the bottom, thus getting the benefit of 
some atmospheric pressure effect, in addition to 
the static head of metal. 

The writer has elaborated this point with The indirect are pressure machine shown 
intended emphasis, because all existing Aeronau- 


developing the maximum properties with a rea- 


sonable degree of consistency. 


in Fig. 1, p. 54, is a very economical and efficient 
tical Materials Specifications (A.M.S.) covering unit. It is used for most of the high-temper- 


2 





S.4.b. 1020 Parts (to Be Case Hardened) for Textile Machinery; About Half Size 
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ature alloys, and for melting the stainless and 
low-alloy steels. The investments are clamped 
directly over the pouring spout, the furnace 
inverted, and pressure applied by air (or inert 
gas) through the melting crucible. 


Economic Ispects 


In comparison with such methods as screw 
machine production, or die casting, investment 
casting employs a much higher proportion of 
labor. It can seldom compete with machining 
methods where long runs are involved on suit- 
able steel parts, or with die casting. For small 
runs, or when designs are still experimental, 
it can olten compete because of its lower tool- 
ing-up charges. Where parts are too compli- 
difficult) to 
machine, investment castings very often offer 


eated, or the alloys required are 


important economies. Because of their accuracy 

and lesser amount of finishing required, they 

often compete favorably even with sand castings 
especially on small parts. 

For parts requiring resistance to high temper- 
atures made of alloys not readily machined or 
forged, and that have complicated shapes and 
contours, investment casting is often the only 
practical means of production. 

The largest application has been in the field 
of parts that are highly stressed at elevated tem- 
peratures. Many of the alloys used are not 
machinable. They are strong and. stiff at high 
temperature, consequently forging is diflicult and 
costly. Investment casting has not only produced 
these parts in quantity, but has accelerated the 
development and production of jet engines at a 
far more rapid rate than conventional methods 
would have permitted. 

One of the unique features of the investment 
casting process is the short time required to get 
parts, once a pattern is made. In cases of extreme 
emergency, this has been done in a matter of days. 
Ordinarily, of course, such heroic service is not 
available because of disruption to production 
schedules, but the time required for tooling up is 
much less than for alternative methods of manu- 
facture, and with considerably lower costs. This 
feature makes it especially important in fields 
where designs are still in rapid development, or 
where various cast alloys are being tested for their 
suitability in particular parts. 

It should be remembered that investment 
casting became of industrial importance because 
of its ability to produce large quantities of small 
parts, accurately and economically, from alloys 
difficult to fabricate by pre-existing methods. Its 
advantages diminish as the size and weight of 


Table Il — Uniformity of Tests From Successive Heats 








HARDNESS 
IN 1 IN. tN Anga’ C SCALE 


’ 0.2% ELONG Rep 
Hear  ULTiMate 
OFFSE1 


125,000 
128,400 
128,400 
117,800 
118,200 
117.600 


100.500 5. 47. 
101.500 a 45.5 
101,860 4 

92.500 

92,000 

92, 500 

$4,300 

80,800 

82.000 


112.800 
110.800 
106,400 
137,200 
144,000 115,800 
136,800 111,600 
122.600 91.000 
118.400 89.400 
121,800 91,000 
110.800 
111.200 
109,200 


105,600 


81,000 20.2 55 
78.400 39 
79,600 53.0 





the part increase, and with metals that are readily 
fabricated by other processes. 

conservation of 
While 


the net yield of castings from a given weight of 


The question of over-all 


scarce metals should also be considered. 


alloy may seem to be low, the over-all recovery 
in material is very high. 

In the indirect are casting machine with its 
protective atmosphere, there is hardly a measur- 
able melting loss, and the recovery on remelting of 
scrap for making master heats is also high. On the 
other hand the yield from a cast ingot, after it 
has been forged, chipped, rolled and cropped, is 
usually on the order of 65 Either drop forging 
or machining and grinding also entail further high 
losses in scale, chips and grindings. Comparative 
studies will show a very great saving of scarce 
and costly alloys by investment casting. 

Accompanying illustrations (Fig. 3 and 4) 
show only a few of the parts that are being cast 
in some of the alloys referred to in the text. Se 


Fig. 4 Milling Cutter of High Speed Steel and 
S.A.E. 2340 Part for Cardboard Fabricating Machine 
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Resistance of a 


Gun Steel to 


By F. Poboril © 
Research Engineer 
Vitkovice Steelworks 

Ostrava, Czechoslovakia 


in 1941 on large forgings of 
chromium-molybdenum steel was 
directed along these lines. He 
found that by raising the temper- 
ing temperature only 20° C. (from 
630 to 650° C., 1165 to 1200° F.) 
the notched-bar impact resistance 
of test pieces cut from 20 forgings 
previously oil quenched or air 
cooled was increased about one 
fifth (from an average of 10.3 
m-kg. per sq.cm. to 12.6). This 
short tempering at high tempera- 


Explosive Impact tures has been called “shock 


I, HAS long been understood by metallurgists 
and engineering designers well grounded in metal- 
lurgy that the “toughness” of a steel depends not 
only on its composition and microstructure (heat 
treatment) but also upon the velocity with which 
the loads are applied and the temperature of the 
metal at the time. More recently the importance 
of the stress system whether in one direction or 
in various degrees of restraint has also been 
emphasized. Much study has been given to the 
many aspects of this situation and to the correla- 
tion of test results and service experience. It is 
my purpose to discuss primarily one feature, the 
speed of loading, and to present some new data to 
support some practical conclusions. 

We have long been interested, at the Vitkovice 
Steelworks, in the production of high-grade guns. 
A representative analysis of the barrel steel (and 
the steel used in the tests to be described) is 0.30 
to 0.38% carbon, 1.4 to 2.2% chromium, 1.0 to 
1.7% nickel, 0.10 to 0.20% vanadium, 0.30 to 
0.50° manganese, 0.20 to 0.40% silicon and 0.04 
max. (each) phosphorus and sulphur. 

In highly stressed gun barrels having a tensile 
strength of about 130,000 psi. the toughness values 
will be low, because tempering cannot be carried 
out at high temperatures if such a strength value 
is to be obtained. The best that can be done is 
to temper for a short time at as high a temperature 
as practicable. Indeed, the first experiment in 
the heat treating department made by the author 

) 


tempering”. 

It will be noted that “tough- 
ness” has been measured in the 
above paragraph by the notched- 
bar impact resistance. Although 
the reduction of area determined 

by the tensile test is otherwise a quite good cri- 
terion of toughness and ductility of steel, it fails 
completely as a criterion of temper brittleness - 
something which obviously must be avoided in the 
alloy steels like the one used for gun barrels. 

The sensitivity of the notched-bar impact test 
for temper brittleness is obviously caused by the 
notch in the test piece and the higher rate of 
deformation over that used in tensile testing. 
However, the velocity of the pendulum of all cur- 
rent impact machines is of the order of a few feet 
per second. This velocity is too small in compari- 
son with the velocity of deformation of working 
parts in many engineering and ordnance uses. 
Since it is known that the values of impact resist- 
ance are influenced by the striking velocity, this 
means that the standardized notched-bar impact 
machines measure the toughness of the steel only 
at relatively low rates of loading. 

When stresses act very quickly, a machine or 
structural part which has shown quite satisfactory 
results in an impact notch toughness test may 
fail completely. 

A few laboratories have been equipped to 
study the reaction of metals to loading at very 
high velocities. Notable work, for example, has 
been done by Prof. D. S. Clark and his associates 
at California Institute of Technology. Such equip- 
ment as installed there is much too complex for 
routine tests, at present. Consequently the formula 
proposed by C. Zener and J. H. Hollomon has been 
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most valuable. It associates, 
quantitatively, high speed loading 





and low temperature. Otherwise 


the difficulties of studying the Ballistic 


effect of speed alone would be 
almost insurmountable. Thus, 


Zener and Hollomon have stated and apply to a single set of conditions, difficult 


that in order to reduce the stress to correlate with other tests of the same kind. 


by 25° of that value given when 
the head of the tensile testing 


machine moves at a speed of 1 in measured by the powder charge needed to split 


per min., it should move at a a heat treated capsule) has a linear relationship 


speed of only 1 in. in 100,000 
years! On the contrary, to , 
increase the stress by 25°, the tested at 


to the ¢ 


machine-head should move practi- Hollomon’s thesis that the effect of very high 


cally at the speed of light. 
Up to the second World War, 


7 Seah temperature of a specimen tested at normal 
European ordnance officers have 


met this problem of high speed speeds. 
loading in a pragmatic manner 





expensive and usually the results are qualitative 


Dr. Poboril shows that explosive toughness 


tharpy impact of the same steel when 


speed of impact loading can be replaced by low 


testing of guns and armor is very 


78° C., thus confirming Zener and 








by establishing an “explosion 
toughness test” for gun barrels. 
This makes use of shortened, 
smooth-bore barrels produced from the same 
material and in the same way as the proper gun 
barrel. An explosive shell of the proper caliber is 
then detonated in this cylinder. Materials having 


satisfactory “explosion toughness” merely deform 
or eventually tear apart). Materials of unsatis- 
factory toughness fragment without substantial 
deformation. 

As a systematic research method this explo- 
sion test is too costly. It appeared to the present 
writer, however, that it had one element of great 


ig 


value namely, high speed impact and work 
was undertaken on simplified test pieces. That 
having been done, the results of the explosion test 
were correlated with results of the standard 
notched-bar Charpy test at room temperature and 
at —78°C. (—110° F.), and with hardness, tensile 
strength at room temperature, and so on. I 
believe that the conclusions are of considerable 
general interest. 

To determine the relation between the notch 
toughness and the explosion toughness, we used 
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Fig. 1 Relation Between Charpy Impact at + 20° C. 
and 78° C. and the Tensile Strength of Cr-Ni-} 
Gun Barrel Steel, Oil Quenched and Tempered. The 
lower tensile strengths for a given tempering tempera- 


ture result from a progressively longer tempering time 


the German standard notched-bar, 10x 10x55 mm., 
notch 2 mm. wide and 3 mm. deep with bottom 
radius of 1 mm. The explosive tests are made 
with miniature explosion cylinders 60.2 mm. long, 
14 mm. internal diameter, 28 mm. external diam 
eter. A measured charge of trinitrotoluene ts 
inserted into this eylinder and exploded by a 
detonator and an electric igniter. Such steel test 
pieces are easily made; numerous duplicates were 
heat treated identically. Explosive charges, rang- 
ing in !4-g. steps from 1.0 to 5.5 g. trinitrotoluene, 
were then used, starting at a low weight calecu- 
lated to deform but not to fracture the cylinder 
The weight of explosive was then stepped up in 
succeeding trials until the cylinder would be torn. 
Either a short or a long tear or more complete 
fragmentation would mark the end of the test, 
and the explosive charge required would be noted 
as the “explosion toughness”. All explosive tests 
were made with the steel cylinder at room 
temperature. 

Both explosion cylinders and impact test 
specimens were heat treated similarly: Heat 1 hr. 
at 850°C. (1560° F.) and cool either in oil or in a 
furnace at a cooling rate of 1000° C. per hr. (0.5° F. 
per sec.) through the range of 800 to 650° C. Three 
550 /560° C.., 
(approximately 1030, 


tempering temperatures were used 
600 610° C., and 650/660° C, 
1120 and 1210° F. respectively); tempering times 
were 1, 3, 12, 36 and 100 hr. All samples were oil 
quenched from the tempering heat. 

Principal results are shown in the four dia- 
grams reproduced on these pages. 


Hardness of the tempered specimens (and 


, 


Fig. 2 Relation Between Explosion Toughness and 
Tensile Strength of Gun Steel, Oil Quenched and 
Tempered for Various Times at Three Temperatures. 
Curves for slowly cooled samples of the same steel 
are substantially equivalent to the ones shown 


Tensile Strength, Kg /Mm? 
100 120 





Samples Tempered at: 

550-560. (1030°F) 
* 600-6/0°C. (1120 °F) 
6 650-660 (12/0°F ) 


Explosive Charge, Grams 











/00 120 /40 
Tensile Strength, 1000 Psi 


tensile strength computed therefrom) was_ not 
affected by the prior speed of cooling from 1560° F. 
that is to say, whether originally oil quenched 
r furnace cooled. The samples hardened in oil 
showed a martensitic (tetragonal) structure in the 
hardened state and a homogeneous sorbitic struc- 
ture when tempered. The samples cooled slowly 
showed a bainitic structure in the hardened state 
and a heterogeneous sorbitic structure when tem- 
pered. The furnace cooled samples were measur- 
ably poorer in Charpy impact values when 
tempered samples of equal tensile strength are 
compared. On the other hand, the explosive 
toughness of the slowly cooled samples is quite 
comparable, as will appear in the sequel. 


Analysis of Results 


From the curves in Fig. 1 it is to be seen 
clearly that notch toughness at equal strength 
increases with increasing tempering temperature. 

The gain in toughness after tempering at 
650°C. as compared with 600°C. (when deter- 
mined at normal temperature) is quite negligible, 
but when tested at —78°C. it is very important. 
All values after tempering at 550°C. are quite 
inferior. 

A further characteristic difference can be seen 
in the course of the curves. When testing at 20° C. 
the transition from the tough to the brittle region 
occurs at the strength range of 125,000 to 140,000 


psi., whereas at —78°C. this transition occurs in 
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(Charpy test) at —78° C. is linear with all 
the samples tested. 

The latter fact is also demonstrated 
if samples of equal strength are selected 
and the relation between explosion tough- 
Charpy Tests-— 
at +2 Ve, 2 = : 

f these various strength levels. Again we 
ea | find that the relation beween the explosion 


toughness and the specific impact energy 


ness and Charpy toughness is plotted for 


ta | os 


74100 _e 


Explosive Charge, Grams 


V Samples Tempered at: is linear only for the values obtained in 

100, 99) wo “0 | ee pong gpiawsiaaall notch toughness tests at low temperature, 
Y/ ie . 600-610°C. (1120 °F) a conclusion that harmonizes exactly with 
* 650-660°C. (12/0) Zener and Hollomon’s thesis that high 

O 2 4 6 a 10 l2 /4 1g /8 impact velocity and low temperature both 
Notched Bar Impact Resistance, M-kg per 84g im affect the toughness value in the same way. 
From the standpoint of ballistic test- 


ing an important conclusion also follows, 

considerably weaker metal below 100,000 psi. namely, that the so-called explosion tests can be 
Examining now the relationships between replaced by 
explosive charge required to rupture and the ten- temperature. 
sile strength (hardness) of the oil quenched steel 
Fig. 2), and comparing them with the curves 
of notch toughness in Fig. 1, the similarity is 
obvious, particularly the curves for notch tough- 











notched-bar impact tests at low 


The technological advantages of notched-bar 
impact tests are evident; the most important one 
is that the dimensions of the samples are smaller, 
thus enabling the use of a large number of test 
ness at --78°C. Figure 2 may represent substan- samples from the same quantity of material. 
tially the condition for slow cooled steel, as well. Furthermore, the explosion tests are subject 
The curves in Fig. 3 and 4 were constructed to many influences which can affect the test results 
to determine the quantitative relation between adversely. For example, 
explosion toughness and notch toughness. The original location of the sample can have a decisive 
individual points marked on the diagram have influence on the results, the samples taken from 
been taken from curves connecting plotted points near the external surface usually giving much 
and therefore represent values obtained by graph- better results than those taken 
ical interpolation. 


in large forgings the 


deeper inside. 
(Near the inside surface there is an accumulation 

It is evident that the dependence between of segregates.) The differences in the brisance of 
explosion toughness and the notched-bar impact 


the explosive charges, caused by density deviations 
energy at +20° C. is linear only for samples heat 


of charges or detonators, are a further source of 
treated for high toughness (tempering temperature errors occurring with explosive tests. 

650° C.), but not for samples heat treated for A further disadvantage of the explosion test 
higher hardness (tempering temperatures 600 and is that it gives only qualitative information on the 
5a0" C..). 


explosive toughness of the single material; impact 
On the other hand, the relation between 


tests, however, give quantitative numerical values 
explosion toughness and specific impact energy useful to the metallurgist and the designer. ) 
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Ultramodern 


Supersonics 


and 


X-Rays 


M AGNETIC investigations at the Naval Ord- 
nance Laboratory at White Oak, Md., just across 
the northern boundary of the District of Colum- 
bia, has been briefly described by the Editor of 
Metal Progress in the April issue. The entire 
establishment, with its 60 permanent buildings 
and 2300 employees, is concerned with the 
improvement of guns, mines, missiles of all sorts 
and their guidance, and detection of the enemy. 
To fulfill this task, its facilities and investigations 
are exceedingly diverse. Not the least of these are 
devoted to nondestructive testing, and the dedica- 
tion of the million-dollar X-ray laboratory was an 
event that warranted attendance of those who are 
interested in latest ideas in this field. 

At the outset, Dr. C. S. Piggot, consultant to 
the Navy’s Research and Development Board, 
emphasized the great importance of special appli- 
cations of nondestructive testing, such as radi- 
ography, as a preliminary to the disposal of enemy 
mines, but he also stressed the importance of an 
advanced laboratory such as this to the metals 
industries, particularly in wartime mobilization. 
The part played by nondestructive testing in for- 
ward movements among all branches of the armed 
services (as consumers) and throughout the metal 
industries (as suppliers) was given more detailed 
attention at a formal session when experts spoke 
on its applications in the manufacture and test- 
ing of steel castings, weldments, and magnesium 


By J. J. Pierce 
Radiologist 
U.S. Naval Ordnance Laboratory 


White Oak, Md. 


products, and on various kinds 
of mass production inspection. 

Among the new X-ray and 
other nondestructive testing 
facilities demonstrated was a 
10-million electron volt mobile 
betatron and a 2-million electron 
volt resonant X-ray generator. 
These are mounted on_ bridge 
cranes in a room with reinforced 
concrete walls 3 ft. thick. The 
arrangement is shown in Fig. 1. 
Medium and low-voltage X-ray 
equipment is housed in smaller 
concrete cubicles. 


Use of Viobile Betatron 


The smaller machine is of a 
design that has been available 
since early in World War II, and 
it is well known to inspectors of 

heavy equipment. The 10-million electron volt 
betatron, however, is probably the first of its kind 
to be used in mechanics and metallurgy, although 
first cousin to equipment used for “atom busting” 
by theoretical physicists. It consists of a toroidal 
electromagnet surrounding a doughnut-shaped 
vacuum tube in which bursts of electrons are 
accelerated to very high speeds and then diverted 
to hit a tungsten target, from which the highly 
penetrating X-rays emerge. The fundamental 
principle, of course, is exactly the same in both 
machines; in the smaller machine stemming from 
the 1941 design, the accelerating tube is straight, 
axial to the casing. 

The advance beyond previous laboratory 
applications was typified by the studies of internal 
clearances now made possible by this mobile 
betatron. It can be swiveled so it can send a 
beam of rays at any angle into an engine, or 
any other machine while it is running. Steel 
channels are mounted in the floor and walls to 
facilitate the mounting of such machines. This 
provision is particularly important when new 
alloys are being used in jet engines before their 
high temperature properties are known. 

Ultrasonic, fluorescent penetrant and mag- 
nelic particle inspection methods were demon- 
strated, in addition to the X-ray equipment. 
Mechanical testing and metallurgical laboratories 
were shown to be essential aids in the correlation 
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of indications obtained with nondestructive meth- 
ods. Invited exhibitors added to the show by 
bringing the latest developments in microflash 
equipment, an electronic fluoroscope, an X-ray 
movie camera, and some new materials for electro- 
static particle inspection. 

Electrostatic particle inspection is a recent 
development of the Magnaflux Corp. and is pat- 
ented under the name of “Statiflux”. It applies 
a basic law of physics using very fine particles 
which are ejected from an atomizer in such a 
manner that they are positively charged. Such 
particles may be sprayed onto semiconductors, 
such as enameled kitchenware. Since any tiny 
crack in the enamel provides a source of electron 
leakage, the particles lose their positive charges 
at the crack and build up a pattern. Figure 2 
If a non- 
conductor is to be inspected, it must be immersed 
in a warm electrolyte and the latter dried on the 
surface prior to the test. 


shows fine cracks in a pottery glaze. 


Cracks smaller than 
4000 Angstroms in width (below the limits of the 
optical microscope) have been detected. 


Improved Fluoroscopes for Inspection 


in Production 


The meeting included a symposium on tech- 
niques, the first session being devoted to informa- 
tion about the development of much of the 


equipment mentioned above. The advantages and 
limitations described imply certain interesting 
industrial applications. 

F. H. Marshall. of Westinghouse Research 
Laboratories discussed the electronic X-ray fluoro- 
scope. Images 500 times as brilliant as those 
obtained with standard fluoroscope screens are 
produced, but the sensitivity is of the same order 

namely, 6%. Figure 3 shows the principle; 
X-rays which have penetrated the object under 
study impinge upon the fluorescent screen at the 
left, and the light emitted causes electrons to be 
ejected from the photo-electric substance placed 
on the concave surface in contact with the fluo- 
rescent screen. These photo-electrons are acceler- 
ated across the tube by an_ externally-applied 
potential of 15 kilovolts. When they strike the 
phosphor layer at the right-hand end, an image 
is formed which would be the same size (if not 
focused) but 20 times as bright as the original 
screen image. To further increase the intensity 
of the final image, the photo-electrons are focused 
by means of electrostatic lenses which invert and 
reduce the image size five diameters, thereby 
increasing the brightness 25 times, and giving a 
When 
this real image is observed through a compound 


total increase in intensity of 500 times. 


eyepiece, the brightness is retained and the image 
reinverted and returned to life size. 
A paper on electrostatic X-ray generators by 


Fig. 1 View Through Open Portal of Cell Containing 10,000,000-Volt Betatron (Left Foreground 


and 2,000,000-Volt Resonant Generator X-Ray Machine (Central Rear). 


Power supply is on 


mezzanine floor (upper right). Cell has concrete walls, 3 ft. thick, and is placed in the center of 
a building. flanked on either side by smaller cubicles containing low-voltage X-ray equipment 














D. Robinson reported the High Voltage Engineer- 
ing Co.’s portable 2,000,000-electron volt generator 
to be available with a 32-in. pump-type tube. Mag- 
netic focusing to an effective foeal spot of 0.01 in 
and an output of 100 Roentgens per min. at 1 in 
should make this machine very useful to the steel 
industry as an inspection tool. By comparison 
with the older, stationary generator of the same 
voltage, one could estimate that 4 in. of steel 
would require only 1 min. exposure to obtain a 
radiograph with 1% sensitivity. At half the length 
and one third the weight of the first Van de Graaff 
generator, it should provide an adaptable and 
rapid inspection service for manufacturers of 
heavy steel castings, armor plate, or weldments of 
very thick section. 

The X-ray cinematograph shown by C. M. 
Slack of Westinghouse Electric Corp. revealed the 
internal goings-on during a thermit welding opera- 
tion, wherein convection currents and density 
changes were quite apparent. 


New Uses for the Reflectoscope 


F. A. Firestone, consultant to Sperry Prod- 
ucts, Inc., described many tricky applications of 
the “Reflectoscope”, including some which have 
not reached the stage of industrial application.* 
Detection of fatigue cracks in locomotive axles is 
well known. Grain size measurement of copper 
was shown to be possible. Interesting means 
exist for determining internal conditions such as 
carburization and residual stress by measuring 
the velocity of waves through various regions of 
the piece. 

The “angle crystal” has many possibilities 
for reaching inside the body of articles whose 
exteriors are poorly adapted for the normal quartz 
crystal resonator and receiver. The “angle crys- 
tal” is merely the useful quartz crystal mounted 
in a special holder. Instead of being placed flat 
against the surface to be tested, the crystal is held 
in a swiveling mount inside a cup of mercury. 
The cup is closed by silver foil, amalgamated for 
good contact with the mercury and transmission 
of the impulses. By moving the crystal to the 
proper angle (noted by appropriate verniers) a 
beam can be sent into the mercury at any desired 
direction and it is transmitted through the silver 
foil and into the work at an oblique angle to the 
surface. Waves started in this manner can travel 
around a large drum for example — by a series 
of internal reflections, and report on conditions 
encountered. 


*See also his 1948 Mehl Lecture before the Society 
for Nondestructive Testing, published in Nondestruc 
tive Testing, Fall 1948 issue, p. 5. 


Fig. 2— Pattern of Submicroscopic Cracks 
in Semiconductor (Enameled  Kitchen- 
ware) Shown by “Statiflux” Inspection 








Applications to Metallic Objects 


The second session on techniques related 
largely to metal production and fabrication. C. 
W. Briggs of Steel Founders’ Society of America 
traced the history of steel casting inspection from 
the hammer tests prior to 1925 to the present day's 
X-ray specifications enforced by the Navy. He 
emphasized the need for standards for magnetic 
particle inspection to supplement the specifica- 
tions requiring that test. H. H. Lester of Water- 
town Arsenal, a long-time proponent of individual 
rather than universal standards, conceded that 
the latter could be useful in raising the quality of 
a product, as long as it was not forgotten that 
even a crack is not a rejectable defect if it will be 
under compression at all times in service. 

Kent R. Van Horn of Aluminum Co. of 
America stated that ultrasonic inspection is used 
as a routine method by his organization for exam- 
ining aluminum blooms, press stock, and heavy 
pieces, and Alcoa’s standards allow only fissures 
less than 0.020 in. which have proven to forge out. 
The method will also detect chromium segregates 
as small as 0.020 in. in 75S alloy. The sensitivity 
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of the sonic method is 0.1 through 15 in. of 
aluminum alloy. As for nondestructive testing in 
general, Dr. Van Horn believes much of value 
could result from some coordinated thinking by 
all government agencies, particularly comparing 
the acceptance tests with the extensive service 
records on hand at the Air Materiel Command. 

©. RK. Carpenter of Babeock & Wilcox Co., in 
commenting on radiography of pressure vessel 
weldings, pointed out the need for applied research 
on the nondestructive testing methods aimed 
toward an answer to these questions: 


1. What are considered to 
be acceptable nondestructive 
test methods and where should 
they be applied? 
2. In what order are the 
methods to be preferred, in each x- Ray 
instance? a" 
3. What defects can be 
shown, and which of them have Sutyect 
the most important effect on 
service reliability? Concave 
Fluorescent 
Screen 


1. Hlow can the service 
strength be correlated with non 
destructive tests? 

5. How can this informa 
tion be properly obtained by 
the seller 


inspector”? 


purchaser and 


Mr. Carpenter feels that it is 
often important to have an accurate stress 
analysis of the over-all structure, so that time will 
not be wasted in a critical inspection of a particu- 
lar weld which may be at a point of low stress 
He warned against repeated magnetization and 
demagnetization of a single region in a welded 
structure; such treatment will give rise to a broad 
indication in the absence of any discontinuity. In 
order to expedite emergency manufacturing of 
ordnance, he is of the opinion that a revised 
inspection manual is needed to be kept up to 
date, to classify design, to recognize proper places 
to inspect, and to include a code of performance 
for inspectors. W. R. Papst of the Bureau of 
Ordnance stated that a manual for pre-planned 
inspection is underway 

Applications of nondestructive testing by the 
magnesium industry were described by J. C 
McDonald of Dow Chemical Co. He emphasized 
two points relative to the inspection of light alloy 
castings, particularly of magnesium: 

First, surface inspection (visual) is extremely 
important. Fluorescent penetrants are helpful for 
making sure that the piece has had a proper solu- 
tion heat treatment. However, this is better 
checked by lightly polishing and then etching a 
spot, transferring the surface pattern to a plastic, 
removing the plastic film and observing it unde 
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a microscope.) Second, he was firm in his beliet 
that microshrinkage in magnesium castings, as 
revealed by X-rays, does not correlate with unusu- 
ally low results of tensile or rotating beam tests. 

Failures in service have shown that the 
fatigue cracks ignored the presence of micro- 
shrinkage. This condition is caused by the molten 
metal flowing in channels rather than on a broad 
front; the extra heat brought in produces hot 
spots in the adjoining sand, and the metal nearby 
freezes last, concentrating the microshrinkage. It 
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is possible to minimize this condition by proper 
risering and gating, but the design engineers must 
tell the foundrymen where the points of high 
stress are or, better vel, eliminate them. 

J. J. Pieree of Naval Ordnance Laboratory 
mphasized that any agency attempting to estab 
lish nondestructive testing methods applicable in 
industry simply must have a great amount of 
information about industrial mass production 
He cited examples of how X-rays were applied 
to quantity inspection in aireratt castings on the 
West Coast, to welds of storage tanks at Hanford, 
Wash., and to rocket propellants at the Naval 
Powder Factory, Indian Head, Md., during the 
war, saving that these routine inspections were 
made without reducing the sensitivity obtainable 
and possible by the test method 

In a discussion of the current and proposed 
military applications of nondestructive testing, J. 
C. MeGee, U. S. Air Foree Materiel Command, 
made some comments of interest to the metal- 
lurgist. He mentioned that less and less steel 
is expected to be used in aircraft. The Air Forces 
use the refl ‘closcope to inspect jet engine torgings 

not for soundness so much as to check upon 
the manner of forging. They also find the “angle 
erystal” technique well adapted to the inspection 
of propellers and impellers +] 
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A New Low-Alloy 


Steel for High- 


‘Temperature Use 


A LOW-CARBON STEEL with extraordinary 
hardness and stress-rupture properties after 
quenching and reheating at high temperatures has 
recently been discovered in the laboratories of the 
Fitanium Alloy Mfg. Division of National Lead 
Co.* This development is still in a preliminary 
Stage: no commercially-produced stock has vet 
been made or tested, but patent protection has 
been applied for 

The discovery was made in a search for a 
simple, inexpensive alloy addition that could) be 
used in’ low-carbon titanium steels to prevent 
coarsening at temperatures above 1625° F. Boron 
additions up to O10 were not suecessful for the 
lesired objective, but it was discovered that the 
hot shortness normally to be expected! was absent! 
With boron above about 0.01 these steels hard- 
ened very appreciably by quenching or even ait 
cooling from 2100° F., and retained an exceptional 
degree of hardness after tempering 

The steels whose properties are reported 
herein were melted in a 30-lb. high-frequenes 
induction furnace and thoroughly killed) with 
aluminum before additions of boron and titanium 
in the ferro-alloy form. The ingots were forged 
or rolled to bars at various shops without any 
special difficulty As a matter of convenience, 
most of the hot work was done below 2050" F. 
Carbon was kept low to avoid the necessity for too 
much titanium for stabilization or “carbide con- 


trol’. Compositions are shown in Table I. 


July, 1949: 


By George IF. Comstock 

{ssistant Director of Research 

Titanium Alloy Mfg. Division 
of National Lead Co. 
Niagara Falls. \. 


The forgeability of these 
steels, which contained enough 
boron to produce hot shortness, 
is apparently related to the fact 
that sufficient titanium was pres- 
ent to combine with the carbon 
Evidently it is not boron or a 
boride that promotes hot short- 
ness, but an iron-boron-carbon 
eutectic which melts at ordinary 
forging temperatures. With the 
carbon fixed as titanium carbide 
this fusible eutectic is” not 
formed 

It is evident from Fig. 1 
that either titanium or colum 
bium, but not zirconium, can be 
used with boron to harden these 
low-carbon steels, and provides 
much greater hardness than by similar treatment 
Holding at the 
hardening temperatures more than 30° min. did 


with titanium or boron alone 


not alter the values, and raising the temperatures 
higher than 2100° 1 

Rate of cooling from the quenching tempera 
ture (2100° F.) 


Ti-B steel than the plain titanium steel 


was of no consequence 
is of much less importance in the 


Sree No.2) Steen No.1 
(T1-B) (Th) 

Water quenched B-101 B-o4 

Air cooled B-93 8-64 

Cooled in “silocel B-86 I-44 

Figure 2 indicates that there is generally a 
slight gain in hardness after tempering at 1000 
to 1100 or 1200°FR.. but this temper hardening is 
negligible compared with the hardness developed 
on cooling from the high temperature. For steel! 
A of Fig. 2 (No. 3 of Table 1) 1900° FR. is too low 
a hardening temperature, although this was not 
true of the titanium-boron steel of quite simila 
analyvsis in Fig. 1. There is a definite loss in hard 
ness of fully hardened specimens when the tem 
pering temperature is raised to 1300" F 

It is believed that the hardening of these 
ferritic titantum-boron steels is thus similar in 

*The thanks of the author are due to numerous 
associates contributing major portions of the work 
involved in this investigation, notably S. F. Urban 
RK. S. Stewart, A. S. Yoeco and C. T. Cessna; also to 
J. W. Freeman of the University of Michigan for the 
rupture tests. 
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Table I— Analyses of Ti-B Steels Investigated* 





No. 5 No. 6 No.7 No. 8 No. 9 


‘ t 0.034 0.039 0.035 0.035 0.03 0.06 0.06 0.06 
Mni h 0.23 0.32 0.34 0.33 0.19 0.41 0.44 1.29 
Si . 0.09 0.11 0.10 0.10 0.12 0.29 0.23 0.44 
Ti 28 0.30 0.36 0.24 0.19 0.32 0.30 0.24 0.38 
B . 0.026 0.025 O.012 0.029 0.018 0.025 0.02 0.02 
C1 2.82 6.14 18.08 
Ni 10.91 


Mo 1.05 











*Phosphorus and sulphur were both below 0.05 in all these heats. 
‘It is believed that manganese above the usual residual content of about 0.15 is unnecessary, 


since titanium 
in the amounts employed will prevent hot shortness due to sulphur. 


principle to the martensitic hardening of carbon titanium steel without boron was given the same 
steels.* The degree of hardening of the former ts heat treatment as in the fourth line of Table II 
obviously much less intense; another notable air cooled from 2100° F., tempered at 1000° F.) 
difference is that the effect is not dependent on and had an Izod value of about 140 ft-lb.; its 
rapid quenching. Furthermore, tempering between ferrite grain size was 70° No. 1 to 3 and 30% 


900 and 1200° F. moderately raises the hardness. No. 4 to 6. Steel No. 2 in Table IIL after this heat 


Room Temperature Properties 


Table I1— Room Temperature Properties of Ti-B Steels 





Tensile properties of two repre- 
sentative steels are illustrated in Table 
Il. The strength is about doubled Air cooled from 1600° F, 1800° F. 2100° F. 
after hardening and tempering, with Tempered at Not tempered | 1000° F. 1200" F. 
Hardness B-40 B-46 B-85 
Yield strength, 0.2°¢ offset 31,000 psi. 70,300 psi 


rensile strength 44,700 84,400 
Notch sensitivity is rather high in Elongation in 2 in. 44.0% 21.0% 


the condition of maximum hardness Reduction of area 85.7 79.0 
see steel No. 3 of Table II but Izod impact value 115 ft-lb 24 ft-lb. 
notched-bar impact values can be 


PROPERTY STEEL No. 2 STEEL No. 3 


little loss in ductility (reduction of 
area 











improved either by hardening from a 
little below that giving the maximum hardness, 
or (better) by tempering at a temperature suffi- ment on this point (a mental exercise about a strictly 
ciently high to decrease the hardness slightly. theoretical matter) when this paper was read at the 
This is illustrated in Table II. Western Metal Congress, the Editor holding that the 
Notch sensitivity of these hardened steels heat treatment data indicated precipitation hardening. 
seems to be a property of the ferrite and is not Mr. Comstock agreed that the heating at about 2000 . 
’ , could be regarded as a solution treatment, but the 
metal should be “soft” after cooling from this temper 
instance, a territic iture. The Editor held that “soft” was a relative term; 


the characteristic of pre 


*The Editor and the author had a spirited argu 


related to any change in grain size or micro- 
structure so far discovered. For 


‘an cipitation hardening ts an 
Table 11l — Izod Values Improved by Sacrificing a Litthe Hardness increase of hardness upon 

tempering and this is 
Arn 


C PEMPERED shown by the steels’ of 
OOLED \1 STEEL No, 2 STEEL No. 3 STEEL No. 5 





Fig. 2; the characteristic 

From of a martensitic reaction Is 
1 soflfenitng after temper 

1800 1000 3 16, Ilo ft Ib. me except in the very 
1900 1000 B-S4, 17 fl Ib. B 45, 119 ft Ib. earliest stages Lacking con 
<000 1000 B92, 6 ft-lb. B-83, 21 ft-lb. trary evidence from micro 
2100 eed B-92, 9 ft-lb. | B-90, 10 ft-lb structural or X-ray study, 


2100 1100 B-87, 12 ft-lb. B-93, 4 ft-lb.| B-96, 5 ft-lb. the datum (8-50. 8-100. or 


2 ” , 5 9 , 2 ee > Or x 
2100 1200 B-85, a4 it Ib. | B85, 15 ft-lb. B-85, 15 ft-lb. whatever) does not matter 
2868 sass B-73, 151 ft-lb. it least in the Editor's 
2200 00 ‘ 

view, 





B-80, 146 ft-lb.) B-84, 154 ft-lb 
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Fig. 1 1i-B and Cb-B Com- far above the reported strength 
binations Effectively Harden ' of any other ferritic steel under 
Low-Carbon Steels; Zr-B Ts } j | 2 these conditions, even comparing 
Vot Nearly So Potent — Nor favorably with the reported 
Is Titanium or Boron Alone. | values for austenitic steels.* 


@ 
°o 


The results for this steel 
tempered at 1300°F. are too in- 
consistent to permit any definite 


Small specimens were air 
cooled from indicated tempera- 


~N 
°o 


tures. Curve marked Ti-B is 
for steel No. 2 of Table 1 


conclusion, except that this tem- 
pering probably produces over- 


o 
oO 


aging, and gives inferior results. 
treatment had an Izod —— = 
value of only 5 ft-lb. with 
almost the same _ micro- ; : 
. boron steels in different condi- 
structure, the ferrite grain 


Rockwell B Hardness 


A number of rupture tests 


3) 
oO 


were made on various titanium- 





G0 N lto 3 40 j 1 | tions of heat treatment. Testing 
s , » u NO Oe ene . 
wer nig iy 6 to 8 conditions were set at 1100° F. 
= Beene rare and 30,000 psi. stress. Tabulation 





Additions of nickel 30 — fu i it 1 that 
up to 2%) may be slightly 1600 1700 1800 1900 2000 2100 7 gall oe aga hy ica Riagg re ar 
beneficial to the notch Hardening Temperature, °F these steels, hardness values 
above B-80 are not a satisfactory 





toughness of the steels alt Curve Stee! Composition 
maximum hardness, but Designation Mn Si B T 

en 501 0025 = : to rupture under stress at 
1.01 0.02 


a oe : high temperature. The stress- 


indication of good resistance 


manganese (up to 1.67) 8 


re 


and chromium (up to 
18 seem to be detri- ~ : 

o . . ied inversely related to the Izod 
mental to toughness : 


c 


:0 0 
nun wi 
YOwOon 


rupture values were generally 


aD 
i, 


impact values but not directly 


Rupture Strength at Intermediate Temperatures 





\ rather large number of stress-rupture tests 
between 1000 and 1200° F. have been completed. The 
top section of Fig. 3 shows the results at 1000° F., and 
marked superiority of the titanium-boron steel to the 
carbon-molybdenum steel now commonly used for 
service at that temperature.” Specimens were quenched 
and tempered, but (as has been noted above) ai 


cooling would probably have made little difference 


| B Hardness 


All specimens elongated 10 to 22 before rupture 
Stress-rupture tests at 1100°F. show outstanding 
results. Some of these are shown in the middle strip 


Rockwe 


of Fig. 3, where the short broken lines refer to steels 
No. 3 and 6 of Table I. These specimens were air 
cooled from 2100°F. and tempered at 1000°F., and 
showed 14 to 22 elongation. The steep slope of the 





dotted lines suggests that over-tempering may have 





J 


occurred (the test was at 1100° F.), but may also have 
been due to reduction of the specimen size by oxidation 
For long service at 1100 or 1200°F. it was felt 

that the steel should contain some chromium to bine _Hardening 
. , Coren emperors. 
improve the resistance to oxidation, and a systematic Ai900 900°F c 
. : . “ ‘ 42000 2000°F O 
series of tests at 1100° F. was carried out on the 2.82 aaa c100° OO 
chromium steel No. 7. Results are plotted as the full 8 2100-2200°F O 
: : . Cc 2100-2200°F O 

line on the central section of. Fig. 3. Elongations 


Temper ng Temperature 


varied from 12 to 35°. The points are rather seattered, lig. 2 Tempering Experiments on Ti-B 


and do not permit extrapolation beyond 1400  hr.; Steels Indicate That 1100° F. Is About Right: 
however, a rupture strength of 30,000 psi. for 1000-h1 1300° F. Is Definitely Too High. Steels A, B 


life at 1100° F. seems fairly well established. This is and C are No. 3, 4and 5 of Table 1, respectively 
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bottom part of Fig. 3. Elongation of 
; : : the ruptured specimens varied from 
When boron and titanium are added to a soft 11 to 42° with one exception (5 


steel it quenches out to B-85, and this hardness is Results on the ferritic 60 chromium 


i ’ ‘el € are lavor: - 
even increased by long stay at 1100° F. No trace steel compare favorably with pub 
, a ea : ae at lished values® for the much more 
of graphitization was found after 10.000 hr. at that aaililins icc ‘siliieiaaiiis atti. at 


temperature, Stress-rupture tests indicate L000-hr. 1200° F., while those obtained from 


life at 1000° F. and 50.000 psi. Boron and titanium the 18-11 Ti-B steels No. 9 and 10 
; a : : are definitely superior An even 
(or columbium) additions are also found to improve 

better result was obtained in a single 


the stress-rupture properties of 5°; chromium steel test of an 18-11 columbium steel with 

ras , ‘ , , ater nche om 2: ? 
and 18-8. The text of this article is a shortened boron, water quenched from 2300" 
und tempered at 1500° F.: this’ re- 
quired 816 hr. for rupture at 1200° F 
litanium-Boron Steel for Use at Moderately High and 40,000 psi 


version of a paper entitled “Ferritic Low-Alloy 


‘Temperatures’, read before the Western Metal Thus there seem to be very 
interesting possibilities for improving 
Angeles, Wed- sy ene ry P : 


Exposition and Congress in Los 
the high-temperature strength of 


nesday, April 13, 1919. high-allos 


steels, at least at moder- 








ately high temperatures, by using 





boron with titanium or columbium, 
ind suitable heat treatment. 
related to the hardness. None of the titanium. 
boron steels having long life in the high-temper- Titanium-Boron Steel With Molybdenum 
ature rupture tests had Izod values above 25 ft-lb.; 
conversely, when the Izod value was over 100 ft-lb Since molybdenum is the alloy addition now 
the high-temperature rupture life was always short, generally used to promote high-temperature 
irrespective of hardness. However, the hardened strength in ferritic or pearlitic steels, and the 
titanium-boron steels tempered at TL00 or 1200° F litanium-boron combination was found to have 
usually gave very outstanding 


rupture tests with Izod values of 





about Io ft-Ib. or more Stress vs. Time for Rupture at |\OO0O0°F 
A tew stress-rupture tests at x=Stoe! No.3, O= Steel No.4, Quenched from 2100°F, Tempered at I200°F 
100° F. on a & chromium steel | | Arrow Indicates Specimen Not Broken 
L | f then J 
No. 8) and two austenitic Cr-Ni ” OK 
, a , oor Cex 
sicels (No. GY and 10). all) con- ) Moly bdenum-Titanium Steel, Ti/C 7.2, Tempered at |200°F OF tend 


0 4 0 ere — 
taining boron and titanium, are ” == 





reported graphically in’ the 
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such a remarkable effect in the same direction, 
two steels were made to see if the effects could 
be superimposed. Two ingots were poured from 
the same induction-furnace heat, with an extra 
addition of molybdenum made after pouring the 
first ingot. Analyses are shown in Table I as 
steels No. 11 and 12 
1 hr. at 2100°FR.. air cooled, and tempered 
2 hr. at 1100° F., and tested to determine the time 
for rupture at 1100° FR. and 30,000 psi. The test 
on steel No. 11 was spoiled by instrumental fail- 


Forged sections were heated 


On others a weld bead was deposited lengthwise 
Phese specimens were stacked loosely inside a 
small electric furnace 
to 1100 =10° FP. 


known to be subject) to) graphitization' were 


The controller was adjusted 


Specimens of low carbon steels 


placed alongside to insure that the conditions were 
correct for graphitizing, but were removed when 
graphite was found in them 

Specimens have been removed periodically, 
sectioned through a Brinell impression or through 


the weld bead, polished, and examined very care 


Prat & Whitney Aircraft JT-63 Turbo-W asp Engine Which Develops 5000 Lb. Thrust 


ure after 1022 hr., but the 1 molybdenum steel 
No. 12 was removed unbroken after 3312 hr. It 
had elongated 2 

Comparing this result with that for steel No 
7. it is seen that still greater rupture strength at 
1100° RF. may be had by using molybdenum with 
titanium and boron. 


Resistance to Graphitization 


Stock used for graphitization tests was broken 
Izod specimens. On some of them Brinell impres- 


sions were made to investigate the effect of stress. 


July. 1919: 


fully at high magnification for graphite. The last 
inspection was after 10,000 hr. and no graphite has 
been found in any of them except in one doubtful 
instance within a weld bead 

In conclusion, it is freely admitted that the 
work here reported is far from complete, and that 
much more remains to be done to answer many 
questions that) could) be asked regarding this 
development. It is hoped that the data so far 
obtained may encourage the manufacture of some 
commercial stock so a larger quantity of this new 
type of steel may be made available for a more 


exhaustive investigation 36 


Page 71 





An Eminent Living Metallurgist 





William Benham Price 
Director of Research, Emeritus 
Scovill Mfe. Co. 


Our Biographical Dictionary 





ee B. PRICE is an institution. His 

retirement from the moil of the mill, with 
the end of 1947, might well be commemorated 
with a Milestone which could be inscribed: “Here 
he paused to rest in the rustling shade, where the 
waters were sweet and the air balmy.” 

Things change in the course of 45 years. 
There are few hereabout who knew Bill when in 
1902 he came to Waterbury and got a job as a 
chemist at Scovill’s — even if they can remember 
so far back. He was a New Haven boy, born there 
September 22, 1877, which places him. The vet- 
erans of the Civil War were still young men. The 
faintly classical aura shed by Yale College was 
balanced by the sunset glow of the Wild West, 
Which had not yet faded. Half the plug hats on 
the street topped the heads of farm boys who had 
come to town. Here Bill grew up through the 
gilded age and went to Hillhouse High School in 
the mauve decade. We regret to put into the 
record that he sometimes read dime novels with 
yellow covers. But, happily, he was never appre- 
hended, so no harm came to him. After high 
school it looked for a time as though he were 
destined to settle down in situ. In 1896 he took 
a job with his father’s firm, Price, Lee and Atkins, 
Printers, but the Spanish War was in the offing 
and spring was in his veins. He joined the Navy 
in "98 and took to the high seas. 

A turn of foreecastle rations and holystone 
soon cured him of any visions of grandeur on that 
tack, and filmed the glamour of iron ships. As 
soon as he got out he went home and entered 
Yale, class of 1902 Sheffield, which was not over- 
crowded with returned veterans. There were 
“reat teachers at Yale in those days, too. Horace 
Wells was in his prime: he had seen service in the 
steel mills and carried with him something of the 
wonder of that expanding industry. Treat John- 
son was building up his attack on the pyridines 
and Comstock was brilliantly abstruse. Willard 
Gibbs was still living and the memory of Silliman 
was fresh. Bill decided to be a chemist and the 
die was cast. There was a notable coincidence in 
the class of "02S, for a slender youth with a long 
name belonged to it Champion Herbert Mat- 
thewson. The association of these two undergrad- 
uates turned out to be more important than could 
have been foreseen. It is doubtful if even the 
future professor suspected that he would sponsor 
more brass-mill technology and technologists than 
any other teacher of his time. Bill found, as the 
years unfolded, that a friend of that kind was 
good to have. 


With his diploma safely packed away, and 


verging on 25, the bachelor of philosophy decided 
against any more schooling, which in those days 
would almost inevitably have meant a sojourn in 
Germany. So he looked about for a job. We have 
already let the secret out. Up in Waterbury some 
of the brass mills were hiring chemists, and the 
Scovill Mfg. Co., which already had a laboratory, 
presented the opening. The accepting neophyte 
had never before seen a brass mill! 

It is difficult for us in 1949 to imagine the basis 
on which brass mills had been operated up to about 
the end of the last century. In the technology of 
steel, great names had appeared, but no Howe or 
Fritz had ever been found in a brass mill, even 
the largest of which was, by comparison, small, 
localized, and intensely secretive. The composi- 
tions of the alloys were kept in the heads (or, 
perhaps more properly, in the hearts) of the man 
agement and, probably, the chief caster. If ever 
committed to paper they were locked in the deep 
est vaults and even written in code. There was 
no way of determining composition, once an alloy 
was made, except by color, nor any way of know- 
ing the degree of softness or hardness except by 
appearance, feel, and bending. Men became uncan 
nily skillful with these methods, but the system 
was coming to be recognized as inadequate. 

Even though a broad technical foundation for 
the industry may not have been visualized, the 
need of a chemist was obvious. He, in turn, it 
he had the vision to see where he was, discovered 
if to be deep water. The course was uncharted 
the hazards hidden. The laboratory was in the 
corner, cluttered with bottles of poisonous mys 
teries and dominated by a stinking crock of 
hydrogen sulphide. Under such’ circumstances 
some of the young chemists weathered the strug- 
gling first years and grew up with the job; that 
would be Bill, and the job grew, but not so fast 

At first, the function of the chemist was to 
analyze the alloys, but even the methods of 
analysis were vague and ill defined. That was 
one of the first obstacles with which our hero 
grappled, and set himself the task of clarifying 
for himself and others. The inclusion of “others” 
was unique. It would have been more typical of 
a brass mill of those times to have locked up the 
analytical procedures along with the book of 
alloys, and it is greatly to the credit of Scovill 
Mfg. Co. that it did not. Bill had aiready shown 
a flair for his subject. As an undergraduate he 
had isolated three periodates of manganese, and 
published his thesis in the Journal of the American 
Chemical Society in 1904. Now he teamed up with 
Richard K. Meade of Allentown, Pa., and under- 
took a full and careful connotation of the methods 
of brass analysis. It was not a minor project 
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Plugging hard, with much midnight oil, the thing 
came out in 1911: “Technical Analysis of Brass” 
by Price and Meade: John Wiley and Sons. 

It was a good, substantial work, timely and 
useful. It was, for many years, a standard refer- 
ence. A second, much enlarged edition came out 
in 1917. 


been devised since that time, and the American 


Although new tricks of analysis have 


Society for Testing Materials has assumed the role 
of sponsor, the original book is still sound and 
many of the methods are used today. As for the 
author, he had emerged from obscurity. 

Meanwhile, time had been going and events 
had not waited upon the passage. In June of 1905 
the voung man made his way to Cleveland. He 
really went by train, but it was no secret that he 
would have walked, if necessary, for he went to 
be married to Elsie Helen Moore. Arriving again 
in Waterbury by a circuitous route, they have 
made their home there ever since. 

The vear after his marriage Scovill gave Bill 
the title of Chief Chemist and Metallurgist, which 
implies that the field of vision was broadening. 
That “metallurgist™ word was something new. 
The microscope had made its appearance in the 
brass-mill laboratory and there were indications 
that the hills about Waterbury would not, forever, 
supply wood for annealing fires. Oil was coming 
in; pyrometers were being used and the temper- 
ature of the anneal was being correlated to grain 
size. The composition of alloys was being codified, 
specified, and generally brought into the light and 
under control. Ashes from the casting fires were 
being treated by ore dressing methods to recover 
the spilled metal. Even the pickle was being 
tested to the seornful disgust of many an old 
mill man, who could have told vou the strength 
of it by the taste! The metallurgist was busy with 
the physical properties of alloys, too, and = their 
correlation with working properties. He = cireu- 
lated among the customers, determining the cause 
of failures and designing suitable alloys and tem- 
pers. The mystery of season cracking was being 
unraveled. \ technology was being born and it 
was not a still birth it was not even quiet! The 
forees generating it were as broad and lusty as 


the raucous times of which they were a part. 

By the time World War Tcame upon us, Wil 
liam B. Price was well organized and well known. 
Besides his book, he had published several tech- 


nical papers and was ready for the work that fell 
to him through membership on the Metallurgical 
Advisory Board of Army Ordnance: Advisory 
Committee on Metals of the National Academy ot 
Sciences; and the Advisory Committee on Non- 
Ferrous Metals of the Bureau of Standards and 
the Bureau of Mines 


In “31 he made a European tour and repre- 
sented both the United States and the American 
Institute of Mining Engineers at the International 
Metallurgical Conference at Zurich, Switzerland 
It is not recorded whether he brushed up on his 
languages. On the same trip, he attended a meet- 
ing of the International Assoc. for Testing Mate 
rials and, at Milan, represented the American 
Foundrymen’s Assoc. in an international conven- 
tion. On his return his Alma Mater corrected a 
30-vear-old oversight, and elected him = to the 
society of Sigma Xi, which must have pleased him 
Through it all he was perennially active in Ameri- 
ean technical and engineering societies, and was 
a wheel horse in committee work, serving on 
countless task groups from Abstracts to Zine 
Standards, both national and international. In 
short, the Seovill Mfg. Co. has been represented, 
in technical circles, by William Benham Price 

Though the days of our lives are legion, the 
vears are few and short: busy with the work that 
comes to hand, one is always surprised they pass 
so fast. But we have a suspicion that busy days 
have been interspersed with moments of relax- 
ation for Bill Price. For, while we never heard 
that he was fond of hoeing corn, he has been 
known to break sod with a niblick. Those who 
know him best aver that there are few who cut 
a cleaner divolt or otherwise surpass him in that 
ancient game of golf. He plies this avocation at 
the Waterbury Country Club, but his peripatetic 
habits are suggested by membership in the State 
Golf Assoc. and the Senior Golf Assoc. 

The infant technology that Bill Price, the 
graduate chemist, found in the brass mill has 
grown: the dingy cubicle that was the laboratory 
has, long since, become a modern institution of 
service and light. In growing with these things, 
und being, intrinsically, of them, he has had a 
zestful career. Nothing that can happen to him, 
in retirement, can change that, and if vou evet 
heard one of his Scottish stories you would not 
worry. A man like that will get along well enough 

I first knew him as one of that colorful and 
vigorous coterie that stood at the center of the 
old American Institute of Metals, in the days 
before she married her polygamous stepfather and 
became a Division. There were George C. Stone; 
William H. Bassett: Wim. R. Webster: Jesse Jones; 
Nathaniel K. B. Pateh; William M. Corse: Guilliam 
H. Clamer; Paul D. Merica: Horace W. Gillett 
to name but a few, some sadly no more. There 
Bill Price was always to be seen. I like to think 
of him in those days, when this group, “Committee 
X", was assembled at the oaken board where the 
tankard was never dry nor the topic ever dull 
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By a ® Hood S$ 


Defense Research Laboratories 
Vielbourne, Australia 


‘ for a complete bibliography on 

Punch Card for any one subject, the subject 
headings of existing indexes are 

not subdivided sufficiently, cross- 

references are inadequate and, 

since most of the references are 

not of interest to the user, any 

: literature search is very tedious 

the Field of Much valuable material, inelud- 

ing Government reports and 

work by the individual’s own 

assoctates sometimes very 

extensive), is not covered in 

these indexes Another inevita- 

M até | ix isl 4 y ble difficulty with published 
' C ta Ins ns abstracts is to locate recent ref 
erences Which have not vet been 

indexed. This lag between pub- 

lication of a paper, its abstract 

ing, and the publication of the 


\ index to the abstracts sometimes 
AT THE Defense Research Laboratories of the exceeds two vears although this criticism does 


Commonwealth of Australia’s Department of Sup- not apply to the AVSMs “Review of Metal 

ply and Development, located at) Maribyrnong, Literature” 

Melbourne (Victoria), a number of groups work For these reasons, we at the Defense Research 

in specialized fields, as follows: Laboratories have decided to keep separate (but 

Con Te coordinated) information files in each of our ten 
Metal Finishing major fields of activity This work has already 


Heat Treatment been started by the group working on metal finish- 
Corrosion 


ing problems, using an adaptation of the methods 
Metallography and Constitution of Alloys 


te described by Guy and Geisler and by Westbrook 
Powder tallurgy ’ 

= ire and DeWald in recent issues of Metal Progress 
Chemical and Physical Analysis = . 
Tandon SeslincRams December 1947, p. 993 and September 1948, p 
Nondestructive Testing 324, respectively). We believe that ten coordinated 


Pyrometry systems will result in better and more complete 


Welding and Joining subdivision of subject headings than would be 
The men in each field of activity have been well possible if the whole subject of “secondary metal- 
aware of the great increase, during recent years, lurgy” were to be compressed into one system 
in the amount of technical and scientific literature adaptable to a single design of punch card 
being published, not alone in each specialiy, but We are therefore hopeful that a brief deserip 
in various fields of knowledge more or less closely tion of our card for filing information about metal 
related thereto finishing will have a somewhat general appeal. 
The mere existence of this mass of informa- We are aware that the American Society for Metals 
tion is of little consequence unless specific data is sponsoring a study of punch-card filing meth- 
can be loeated readily. Abstracts published by the ods; probably one result of such work will be a 
Institute of Metals and the Iron and Steel Institute complete classification of the entire metallurgical 


London), the American Society for Metals, and field. However, our suecessful experience in a 


the American Chemical Society are invaluable, but limited area may encourage others to institute 
they do not provide, and cannot be expected to personal filing systems utilizing this adaptable but 
provide, all requirements of the specialist. Many simple equipment, and using the complete classi- 
separate volumes must be consulted in the search fication for matters outside their own specialty 
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Preparation of Cards 


While the mechanism of punch-card filing 
has been sufficiently described in Metal Progress’s 
articles already quoted, the adjoining reproduction 
of our card will be helpful in explaining its prep- 
“Paramount”, 8x95 
in.) is printed with triangular codes at right and 


left edges 


aration and use. Our card 


a scheme that requires fewer holes 
and is easier to use than other indirect coding 
methods. Special meanings for special holes (as 
shown in the direct codes printed in the margins 
around the engraving) can also be printed on 
the card as recommended by Westbrook and 
DeWald but in the developmental stages we 
feel that the blank card is more suitable and quite 
adequate. 

When the required information is typed or 
pasted on the card’s face (and back, if necessary 
the author’s name is first coded. The first three 
letters are recorded in the three triangular codes 
on the right-hand side of the card. In each field 
the two holes are notched whose diagonal columns 
intersect at the letter to be coded To code the 
upper letter in a given square, the left-hand posi 
tion is notched with the shallow punch, and. the 
right-hand position is notched with the deep punch 
To code the lower letter, reverse the depths; in 
other words, the deep notch in the left position 
indicates the lower symbol. If there is more than 
one author, and it is desired to record them all, a 
separate card must be punched for each, and a 


Table 1 — Major Sections in Classification 
Surface Finish 
Cove Topic 
0 Electroplating 
l Electropolishing 
2 Electroforming 
3 Metallic coatings (other than electroplate) 
4 Nonmetailic coatings, organic (paints, 
lacquers, etc.) 
Nonmetallic coatings, inorganic (coloring) 
Nonmetallic coatings, electrolytic (anodizing) 
Pretreatment, general 
Cleaning, aqueous 
Cleaning, electrolytic 
Cleaning, mechanical 
Cleaning, solvent 


cross-reference to the first author and the major 
subject section marked on it.* 

Year of publication is next punched in the 
two triangular fields on the left of the card. Type 
of publication is directly coded at the bottom of 
the card (holes 1 to 6 inclusive English language 
references are shallow-punched, and foreign lan- 
vuage references deep-punched It a copy of the 
original item is held, hole 66 on the lower right 
corner is notched 


*;-piron’s Foornoti It appears that a dispro 
portionate amount of space is given on this card to 
iuthor’s index i itter ordinarily of minimun 
importance in a literature search. In other words, if 
1 punch-card gets too crowded, the thing to compress 
or even leave off completely would probably be the 
iuthor index 





BaTH TREATMEN' %. EQUIPMENT 


General 
General Anodes 
Addition agents 
Control 
Filtering 
Impurities 


Generators 
Rectifiers 


Table Il— General Subject Index 


(ELECTRICAI 10. Distribution of deposits 


11. 

12. Polarization 

13.. Throwing power 
14. Cathode potential 


12. MISCELLANEOUS 





Maintenance 
Fluid mechanics 
Purification 


BATHS BY COMPOSITION 


Cyanide 


Fluoborate 

rrivalent chromiun 
Sulphate 

Chloride 

Fused salts 
Pyrophosphate 

Watts solution 

Alkane sulphonic acid 
Sulphamate 


Control apparatus 


10. EQuipMeNT (NONELECTRICAI 


General 
sarrels 


tacks 


Fanks and linings 
Laboratory equipment 
Floors 


Corrosion resistant cements 


Spray trapping device 
Automatic 

11. Theory 
General 


Chemistry 
Current distribution 


Economics 

Health hazards 
Mensuration 

Reviews, history, research 
development, uses 


Waste disposal 


Stopping-oll 

Stripping 

Hydrogen embrittlement 
Periodic reverse current 
Heat treatment 
Stopping-off for nitriding 
Plating recessed areas 
Heat treating 

Etching 

Influence of basis metal 
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Subject Index 


The subject index is the most important part 
of the filing system. In order to select the most 
suitable subject headings a conventional card 
system and various published indexes covering the 
metal finishing field were analyzed. Subjects were 
divided into 12 major sections as listed in Table I, 
and these are coded in the third triangular field 
at the left of the card.+ 
the subject headings under which references were 


It was also decided that 


most frequently looked for were as follows: 

1. The metal being deposited. 

2. The material or part being plated or otherwise 
treated. 

3. Properties of the deposit. 
All these items were directly subdivided and coded, 
as Shown by the printing alongside the edges of the 
ecard at top and at bottom left, so that by two o1 


three passes ola single needle a large file can be 


Major fields of our activities, as listed at the out 
set of this article, are punched in the bottom triangle; 
for the time being, all cards constructed by the Metal 
Finishing Group are retained in a single file, and a 
punching for Field 0 is unnecessary. 


Metal Being Deposited 


rapidly and progressively reduced to a_ small 
number of cards. 

The preparation of this card, therefore, 
required the following steps: 

1. Major section (“Electroplating”, Section 0 
in Table I) is noted by notching for 0 in triangular 
code on left edge of card. 

2. Metal being deposited is direct coded. 
“Nickel” is indexed by notching 35 on top edge. 
Notch shallow for pure metal, deep for alloy (34 
to 47). Notch “bright”, “heavy” or “hard” (32 
and 33) where applicable. 

3. Index metal or part being treated by notch- 
ing direct code for holes No. 52 to 63 at upper 
right. No punching in this region is required in 
this instance.) 

4. Index properties (shallow notches) and 
testing methods (deep notches) on the direct code 
at bottom edge (No. 24 to 31). This article is 
coded as containing information on physical prop- 
erties and microstructures. 

Holes 


7 to 23 are available along the bottom edge, and 


Next comes the general subject index. 


these are used for indirect coding according to 
Table I. 


engraving, deep punch 8 refers to Subject Heading 


For the particular article shown in the 


Base Material or Article 
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@:@ | Die Castings 
@<@ | Piston Rings 


@<@ | Bearings 
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@<@ | Silver 
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@=@ | Magnesium 
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of the deposits 


Publication 


Sections 


Fields 


MECHANICAL PROPERTIES OF NICKEL DEPOSITS 
Am. Electroplaters 


R. describes original work done on all-chiomde and a Watts-type 
ruckel bath to obtain information on the mechanical properties 


Some photo- micrographs are given which demonstrate the structure 
of the plate obtained under various 


E. J. Roehl 
Soc. 34 ro 10, 29- 
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conditions 


pug 


Alkaline 
Formulae 
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Defects 
Porosity | @*@ 


Corrosion | @*@ 
Physicals 


Adhesion | @-@| @ 
Analysis | @2@ 
Thickness | @ 


Structure 


Properties and Tests 


General Subjects —————> 
(See Table 2) 


Book | @-@ 


Trade Lit. | @-@ 
Report | @-@ 


Specification | @-@ 


vu 


Type of Publication 





8S “Baths, by Composition’. Shallow punches 
12 and 15 refer to corresponding items undet 
Heading 8 in Table Il, namely, “Chloride” and 
“Watts solution’. Although more than one prin- 
cipal subject heading (deep) may be notched on a 
eard, this practice may result in unwanted cards 
falling, and to avoid this only one principal sub- 
ject is ordinarily notehed on each card. 


Extracting Information From File 


Cards can be selected from the file by pro- 
ceeding as follows: 
1. On a given subject: 

a’ Decide major section (or file 

b) Needle appropriate holes in direct 
code or codes) 

c) Needle deep hole for principal head- 
ing, and then shallow hole (or holes) for sub- 
heading in general subject index. 

2. Selecting particular types of publications 
Needle the appropriate shallow hole in’ the 
direct code. To separate foreign language refer- 
ences pass needle through the deep hole, where- 
upon foreign language references will fall) and 
references in English will remain on the needle 
For example, to select cards on “mechanical 
properties of nickel deposited from a Watts-type 
nickel bath” 
a’ Decide on major section file to be used 
in this case pass needles through holes for 
“No. 0, Electroplating” 
on needle 
b) Pass needle through No. 35, shallow 
All cards dealing with nickel depostts will fall: 
diseard all others 


Discard ecards that remain 


c/ Pass needle through hole No. 27, shallow 
All cards dealing with physical properties ot 
nickel deposits will fall: diseard all others. 

d) Pass one needle through hole No. 8, deep 
and another through No. 15, shallow All cards 
dealing with physical properties of nickel depos 
ited trom Watts-type baths will fall These a 
the ones sought 

4. To select writings of a given author 

First letter, Upper triangular code Dake 
diagonals trom required letter. Uf letter is upper 
one in square, needle shallow hole on left diagonal, 
and deep hole on right diagonal. If the required 
letter is the lower one in the square, needle the 
deep hole on the left diagonal and the shallow 
hole on the right diagonal 

Second and third letters are selected from the 
adjacent triangular codes in the same way. This 
may be done with one needle, but the use of two 
needles simultaneously is quicker. Se 


Correspondence 


Specifications for Structural Steel 


in Low-1 emperature Service 


Port Wasuinarox, N.Y 

To the Readers of Mera Progress 

For some time numerous research depart 
ments in industry and universities have been 
conducting extensive tests to determine the note! 
sensitivity of steels used for ships. Reasonably 
good correlation has been” established between 
sinall specimens and full-seale tests of notched 
plate, and a comparison of the various types ot 
specimens has been published. However, numet 
ous laboratories continue to evolve new types of 
specimens and tests which seem to add little in 
the way of new information and perhaps tend to 
contuse the knowledge gained 

I strongly believe that far greater benefits and 
progress could be achieved if efforts were now 
made toward correcting current specifications in 
such a way that requirements would vield reason 
able assurance that the steel supplied would be 
irce trom noteh sensitivity. This could only be 
achieved through concerted action on the part of 
all metallurgists involved 

Gne of the first 
taken by the 


rreclive measures has been 
American Bureau of Ships in il 
specifications for ship) steel, through chemical 
requirements that) assure a beneficial ratio of 
manganese to carbon and a grain-refinement heal 
treatment for heavy plates. Although the require 
ments have been questioned, they are certainty 
i step in the right direction 

Unfortunately, many other specifications, such 
as those for plate for pressure vessels, structural 
steel and other equipment, contain no require- 
ments which insure that material free from notch 
sensitivity will be furnished, except for materials 
specifically ordered with special low-temperature 
properties 


The definition of what constitutes low-tem- 
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perature service is somewhat abitrary and contro- 
versial, and will necessarily remain so because 
past e\periences are numerous where materials 
have behaved satisfactorily at low temperatures. 
In spite of past experiences, I believe that all 
specifications should be currently reviewed in the 
light of present data to insure that materials of 
the highest attainable properties will be furnished 
for all important services. 
Acpert W. Zevruen 


Britain’s Combat With Corrosion 


Lonpon, ENGLAND 
To the Readers of Mevat Progress 

Studies on corrosion and its prevention were 
greatly stimulated during the war, for it) was 
found early in the campaigns in Burma and New 
Guinea that about 10% of the materiel was 
destroved by corrosion before it reached the sol- 
diet W. H. J. Vernon, head of the corrosion 
section of Britain’s Chemical Research Laboratory, 
estimates that about 50 vears’ work at normal 
tempo was telescoped into five. A large propor- 
tion of this work concentrated on marine = cor- 
rosion an important question for Britain's 
shipbuilders, who produce more than half the 
world’s ships. The various metals used in ship 
construction deteriorate not only because of the 
saline character of sea water but also from erosion 
caused by the constant swirling action of the water 
The Corrosion Research Station developed a “high- 
speed rotor device” to determine quickly the cor- 
rosion resistance of different metals and protective 
coatings in sea water and fresh water. 

Like many of the best inventions, it was an 
extremely simple device, consisting of a round 
ebonite disk, in which could be fitted six small 
specimens, and which was driven by a »-hp 
electric motor at speeds up to 1500 r.p.m., corre- 
sponding to a peripheral speed of about 20: knots 

Simultaneously with these rotor tests, large 
steel plates with the same protective coatings as 
were being tested with the rotor device were 


suspended trom a raft in Plymouth Sound, off the 


southern coast of England, and their rate of decay 
noted 


Britain's Admiralty also cooperated — by 
painting special panels of some of its ships with 
selected paints to investigate their behavior undet 
service conditions At the conclusion of these 
initial tests, it was found possible to relate the 
short-term tests using the motor device to the 
results of testing by normal conditions of expo- 
sure. A laboratory test of only 50 days with the 
rotor apparatus was found to be equivalent to 


about 12 months at sea. The immediate result 


of these findings was that unsatisfactory coatings 
could often be rejected after as short a period 
us one day’s test. Eighteen of these rotor units 
were in continual use day and night during the 
war and by this means valuable knowledge about 
the performance of ships’ antifouling paints 
increased rapidly. When the tests began, it was 
rare for a normal ship's paint to withstand 50 
days of testing, whereas after the tests had been 
developed and proved, compositions were found 
that would last more than three times as long 
This centralized testing technique operated within 
the framework of Britain’s Department of Scien 
tific and Industrial Research. This department 
cooperated with privgte manufacturers of  pro- 
prietary protective coatings, who learned from the 
results of the tests how to improve the quality 
of their product. 

Corrosion caused by antifreeze solutions used 
as substitutes for ethylene glycol or glycerine in 
the cooling systems of the internal combustion 
engine presented another problem, for the liquids 
selected had to be without corrosive action on 
any of the metals used in the construction of the 
cooling system. A number of different solution 
were tried. For example, sodium lactate solutions 
showed relatively slight corrosion in contact with 
iron and steel but had an intense attack on 
wluminum and aluminum alloys 

Next, therefore, it was necessary to find 
corrosion-inhibiting agents that would prevent the 
corrosion of sodium lactate and aluminum. These 
were found and examples of them were sodium 
Nuoride and sodium arsenite. Even then, however, 
the problem was not solved because the commer 
cially available sodium lactate contained impurities 
which effectively prevented these inhibitors from 
acting efficiently and after this lengthy investi 
gation had gone so far, it had to be abandoned 
We are accustomed to reading of effective dis- 
coveries, but slight publicity is given the many 
investigations, of which this is an example, where 
success 1S elusive 

However, another material was investigated 

sodium benzoate It was quite a good anti 
refrigerant and in the concentrations used it was 
virtually noneorrosive toward the metals normally 
emploved in radiator systems even under the 
drastic conditions of intermittent heating and 
cooling. Again, laboratory tests were related to 
experience and the Wheeled Vehicle Experimen 
tal Establishment at Farnborough, England, car- 
ried out a large number of road tests using the 
cooling system of Bedford trucks. 

Having discovered the corrosion-inhibiting 
characteristics of sodium benzoate, consideration 
was next given to its use in hard water or distilled 
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water to prevent the corrosion of iron, aluminum 
and other metals under conditions of intermittent 
heating and cooling. It was found to be very 
effective. About 1.5°% of sodium benzoate in 
an ethylene glycol or a glycerine antirefrigerant 
imparted corrosion resistance to mild steel that 
was soldered to brass. In addition it prevented 
the choking of radiators by scale built up on the 
walls of such heating systems. 

The packaging of goods destined for the 
tropics had also taxed the ingenuity of Britain’s 
service departments for quite a while. Certain 
wrapping materials were found to encourage cor- 
rosion. Because sodium benzoate had remarkable 
rust-inhibiting properties, it was used to impreg- 
nate wrapping papers. Results showed that steel 
specimens wrapped in dried paper that had been 
dipped in a 5 solution of sodium benzoate and 
water remained quite bright after exposure in 
warm humid atmospheres of the tropics. This is 
another example of a specific war investigation 
that is now finding industrial application in the 
packing of goods for export. 

Another problem was the corrosion of metals 
confined in packages or containers in which the 
air is sealed. A material was needed that vapor- 
ized and would also have the effect of preventing 
corrosion. Since sodium benzoate had been effec- 
tive in radiator systems, vaporizing materials 
resembling it in chemical constitution were exam- 
ined. Of them butyl benzoate was found to be 
extremely effective and the amount required was 
just enough to saturate the air space 

Soil pipes are another corrosion problem 
The United States estimates its loss from. the 
corrosion of buried pipe lines at $120,000,000 per 
vear. One paradox is that failures oecur quite 
often in clay soils where atmospheric oxygen is 
more or less excluded from contact with the 
buried metal. It had been thought previously that 
access of oxygen was an essential controlling 
However, 
the Chemical Research Laboratory investigated 


factor in the corrosion of pipe lines 


bacteria abundantly present in clay soils. These 
organisms are able to react with the metal sul- 
phates present in the clay in contact with iron, 
so helping the oxygen in the sulphate to play its 
part in the pipe corrosion. Cast-iron pipes buried 
in clay often become so soft in parts that they 
can be cut with a knife or seratched with the 
finger-nail. In practice, the pipes become useless 
and burst long before the process has gone as far 
as this. Failure can occur in as short a time as 
12 months. With this discovery an entirely new 
corrosion problem, previously unexpected, was 
opened up and the Chemical Research Laboratory, 
cooperating with London's Metropolitan Water 


Board, is investigating the effects of this bacteria 
corrosion with a number of experimental stretches 
of water mains. 

These researches by a department not pri- 
marily interested in manufacture and production 
preserve a strict impartiality. In turn, the manu- 
facturer has the benefits of this fundamental 
research carried out in Government departments. 
This cooperation between the private enterprise 
of commerce and the Government departments 
acting for the specific purpose of supplying 
industry with the results of fundamental research 
is improving the quality of Britain’s manufactures. 
It is characteristic of the relationship of the 
Department of Scientific and Industrial Research 
and private enterprise that today, in Britain, 
manufacturers are quick to seize upon a favor- 
able comment from an impartial Government 
investigating department and to use these tests 
as the best means of advertising their products 

WILrrep F. Coxon 
(formerly Principal Technical Officer, 
Britain’s Ministry of Aircraft Production) 


Stainless Steel in Bridge Bearings 


HARRISBURG, Pa. 
To the Readers of Mevar ProGress 

When the bridge or structural engineer needs 
to use a metal with a higher yield strength than 
ordinary carbon steel of structural grade, he turns 
to what is known as “structural silicon steel”, 
whose alloy content is so low that mechanical 
engineers would hardly class it as an alloy steel 
at all. Nevertheless, for one important item we 
have had to go all the way to the 18-8 chromium- 
nickel stainless steels! 

Some 10 or 12 years back we found that many 
of the existing large bridge structures were being 
destroyed or their usefulness curtailed by the fact 
that the expansion bearings (made of ordinary 
carbon steel) became corroded, locked up, and the 
structure did not properly function as designed. 
We introduced the use of stainless steel or bronze 
in all the important expansion bearings, thus stop- 
ping, we hope, the corrosion of these important 
features in truss bridges. 

I believe the first use of stainless steel in 
bearings of this type was in the continuous girder 
span bridge over the Potomac River in Washing- 
ton, D. C., known as the Chain Bridge, built about 
1937. These bearings have been periodically 
inspected and are still in perfect condition. 

Frank M. MASTERS 
Modjeski and Masters 


Consulting Bridge Engineers 
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SPECIFY THIS POWERFUL, POSITIVE INNOCULANT 


NISILOY 2 


in gray iron castings 


. . » REDUCE machining time, tool wear, rejections 





Produce machinable gray iron castings regardless of 
sharp variations in section thickness... 

Eliminate localized hard areas or chilled (white) edges 
and surfaces... 

Reduce machining time, tool wear and rejections. . . 
raise both quality and quantity of your output by con- 
trolling gray iron structure with small ladle additions 
of NISILOY. 


Designed specifically to promote better machinability. 


NISILOY is a powerful innoculant and graphitizer 


*Trade Mark of The International Nickel Company, Inc 


THE INTERNATIONAL NICKEL COMPANY, INC. 


containing about 609 Nickel, 30% silicon, balance 
essentially iron. 

Mail the coupon now .. . for your free copy of a book- 
let that describes how Nisiloy helps you improve struc- 
ture and machinability of gray iron castings. 


THE INTERNATIONAL NICKEL COMPANY, 
Dept. M.P. 67 Wall Street, New York 5, N. Y. 
Please send me your booklet entitled, 
“NISILOY” for GRAY IRON CASTINGS. 
Name Title 
Company, 
iddress 


City 
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67 WALL STREET 
NEW YORK 5, N.Y. 
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These partners 
are NOT 
SILENT! 


One partner is Tension, one Compression, one 
Bend, one Flexure and all work as a team in an 
Olsen Universal Testing Machine. As a team 
they predetermine the physical properties of metals— 
for safety, for economy, for endurance and, 
fortunately, for development. There never could 
have been a skyscraper, or an automobile, or an airplane, 
or a thousand and one other everyday things, 
without these master machines—these seers that 
accurately foretell the future. The definitive 
signals of these machines can never be misconstrued. 
Through the years the Olsen Universals have Testing & Balancing Machines 


given dependable service to the men in the laboratories, 


those men who dreamed and made, through unending TINI US OLSEN 
perseverance, those dreams come true. TESTING MA CHINE C0 


Some might call the Olsen Universals partners of progress. 030 Easton Rd, Willow Grove, Pa 
Write today for Bulletin 30 
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B&L Research Metallograph in use at 
Rome Cable Corporation, Rome, N.Y. 


N METALLOGRAPH 


Accuracy 
bionvenience 


Three important advantages you'll find in the 
Bausch & Lomb Research Metallograph ...a 
product of years of research and development 
in close association with leading American 
metallurgists. Speed, accuracy and conven- 
ience that bring you all round superior perform- 
ance in visual observation and photomicro- 
graphy for research or routine production. 
You get homogeneous plane-polarized light 
over the fu// aperture of the objective. You can 
do critical work with bright field, dark field, 
or polarized light. You change from one to 


another quickly, conveniently. These are ad- 
vantages of the Foster Prism and illuminating 
system, an exclusive patented feature of the 
B&L Research Metallograph. 

You get clearer, sharper visual and photo- 
micrographic images... greater image con- 
trast with Balcoted optics. 

Extra stability saves time, saves work, and 
makes for greater accuracy. Permanent align- 
ment of all elements is secured by mounting the 
metallograph components on a massive, stur- 
dily-built stand with built-in shock absorbers. 


[A/ a1 5 

iy 
y / for complete informa- 
tion and detailed literature to 
Bausch & Lomb Optical ¢ 0., 638-G 
St. Paul Street, Rochester 2, N.Y 
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The Probolog, 


for Inspecting 


Nonmagnetic Tubing 


Ti BULAR equipment for heat exchangers, con- 
densers, and coolers is widely used in oil refin- 
eries, chemical plants, steam power plants afloat 
and ashore, sugar mills, and all sorts of processing 
A piece of such equipment consists of hundreds 
or even thousands of parallel tubes (usually of 
brass or some special alloy of copper) arranged in 
bundles inside a metal container or shell. The 
petroleum industry alone has literally thousands 
of heat exchangers and condensers in constant 
operation. Through the tubes pass all crude oils 
en route to refining; in these exchangers they are 
heated by an exchange from hot outgoing gases 
or liquids on the outside of the tubes. Condensa- 
tion of gasoline from a vapor to usable liquid is 
performed in condensers. Here the outgoing gases 
pass around many tubes which are cooled on the 
inside by constantly flowing water. Steam power 
plants have condensers containing as many as 
20,000 tubes through which cold water flows to 
condense low pressure exhaust steam. Ships also 
have condensers in their boiler installations. 
Inspection of these tubular elements for 
interior or exterior deterioration has been a difli- 
cult problem. When a small oil refinery con- 
denser is withdrawn from = service the general 
condition of the outer ring of tubes may be 
observed from the outside. Because of their close 
packing, the inner tubes cannot be seen. Also, the 
inside of the tubes can be examined for a few 


By George A. Nelson 
Shell Development Co. 


San Francisco 


inches from the ends; beyond 
that point, inner surfaces of 
tubes are difficult, if not impos- 
sible, to inspect. In large fixed 
condensers, such as are used in 
power plants and on board 
ships, outside inspection is 
impossible, and tubes can be 
visually inspected from the ends 
only. Under such circumstances 
several tubes would be with 
drawn, split, and visually exam- 
ined on the inner and outer walls 
for a rough guide as to the con- 
dition of the others This 
method of testing yields some 
valuable information but does 
not give any direct data on the 
tubes remaining in the element, 
some of which may be near the 
point of failure 

Being faced with a need for a device which 
would yield data upon which the inspection engi- 
neer could more accurately predict the service life 
of tubular elements, Shell Development Co. has 
produced an instrument which indicates and 
records any defective areas in nonmagnetic tubes 
This instrument, known as the “Probolog”’, has 
now been in successful use for the past several 
years, and it is the purpose of this article to enu- 
merate several advantages to be gained by its use. 

The Probolog is an instrument that detects 
and indicates or records all types of irregularities 
in tubes of nonmagnetic metals such as the brasses 
and austenitic steels that are found in heat 
exchangers. In particular, it reveals the presence 
of defects such as large or small holes, cracks, 
internal or external corrosion, erosion pits, 
recrystallization, nonuniformity of wall thickness, 
and dezincified areas. The instrument graphically 
presents all of this important information to the 
maintenance and inspection groups charged with 
the responsibility of deciding whether to replace 
a costly exchanger bundle or take a chance on 
having an unscheduled shutdown. 

The instrument is portable and can be oper- 
ated by one man. Tubes are inspected from the 
inside and therefore no special preparation of the 
tubular equipment is required before inspection 
other than opening up the front end, laying bare 
the tube sheet. The tubes do not even need to 
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be cleaned if they are open enough to pass the 
sensing element or probe. 
Figure 1 shows the Probolog components: 


1. One or more interchangeable probes of 
diameters to fit standard sizes of tubing. 

2. A mechanical probe puller, essentially a 
motor-driven roller synchronized with the chart 
drive of the recorder, and a friction element that 
grips the connecting wire. This insures a precise 
correlation between chart recording and probe 
position in the tube being inspected. 

3. An electronic recorder, equipped with a 
continuous strip chart. 

4. An accessory recently added is an air gun 
(right foreground of Fig. 1) which aids in pro 
jecting the probe to the far end of a tube; it saves 
considerable time and wear on the connecting cord. 

In its operation, the functions of the electrical 
components might be described as follows: 

When the probe is placed in nonmagnetic 
tubing it generates a magnetic field by electric 
current flowing through a pair of coils it contains. 
This field penetrates the walls of the tube and 
induces eddy currents which, in turn, exert a 
reciprocal influence on the coils within the probe, 
and modify their electrical impedance. When the 
probe is pulled through a normal piece of tubing, 
all the electrical characteristics are in balance, and 
this normality can be indicated by an electronic 
recorder and charted on a strip of paper as a 
straight line. When the material in the tube is 
abnormal, such as might be created by corroded 
walls, the eddy currents are distorted and such 
distortions are recorded on a strip chart as devia- 
tions from a straight line. 

Preparation of this equipment for inspection 
consists merely of connecting to any handy light- 
ing circuit and plugging the probe-puller and probe 
into the recorder unit. If the air gun is to be 


used, a connection to a 110-Ib. air line or a eylin- 


Desired 
sensitivity setting is selected, and the instrument 


der of compressed air is necessary. 


is balanced by placing the probe in a defect-free 
portion of tubing and adjusting the recorder so 
the pen is at the center line of the strip chart. 
The probe is then pushed through to the far end 
of the tube, the probe cord is placed between the 
knurled wheels, the probe-puller is started, and 
the probe is pulled out of the tube at a uniform 
rate (usually 12 ft. per min.). The chart drive 
simultaneously unreels at a rate of 12 in. per min 
Figure 2 shows the Probolog in operation at the 
head of a refinery condenser. 

Since chart and probe move at a proportionate 
rate, the record drawn by the pen locates the 
position of any detect in any part of the tube, and 
its relative magnitude. The instrument will also 
show, to a fair degree of accuracy, any uniform 
loss or gain in wall thickness by an offset of the 
average position of the pen from the center line 
The chart record can be calibrated in terms of wall 
thickness with an accuracy of ©5‘ This accu- 
racy is impaired, however, by corrosion conditions 


that introduce tube eccentricity or tapered walls 


fdvantages and Limitations 


The limitations of the Probolog relate mainly 
to the variety of metals that can be inspected and 
the interpretation of the chart. The present 
instrument is designed specifically for nonmag 
netic tubes, including such metals as copper, 
brass, Inconel, admiralty metal, copper-nickel 
muntz metal, aluminum, and austenitic stainless 
steels. These comprise the great > majority ot 
alloys used for condensers or heat interchangers 

Indications of the record are not positive in 
that an inspected tube is not labeled as “good” o1 
“bad”. Whether a tube should be retained or dis 
carded is a matter of proper interpretation with 
respect to standards established in the field. These 
standards can be instituted by splitting repre- 

sentative tubes which have 
been probed, and compar- 
ing the actual conditions 
with the corresponding pen 
deflections on the strip 


chart. The number and 


Fig. | Probolog Inspection 
Unit: in Foreground, From Left 
to Right. Are Probe. Two Con- 
necting Cords. and Air Gun. In 
the background are carrving case, 
probe-puller and recorder. Other 
accessories such as test plug. 
paper, ink and standard tube are 


in front of the probe-puller 
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Fig. 2-— Probolog Inspection Unit in Operation at 


Head of an Oil Refinery Condenser. Operator is about 
to shoot probe into tube with air gun. Records made 


from tubes located by numbers are shown in Fig. 3 


in the bundle. This suggests an improvement in 
condenser design, either as to flow of liquid o1 
selection of proper metals to be used in different 
parts of the same bundle. 

For example, Fig. 2 was taken in one of ou 
plants where experiments have been under way 
for the past three years to select the proper tube 
material for a particular unit. Tube materials 
under test consisted of the following metals: steel, 
aluminum, inhibited admiralty metal, muntz 
metal, inhibited muntz metal, and bimetallic tubes 
inhibited admiralty inside and aluminum outside 
in one type and inhibited muntz metal outside in 
the second type). Treated well water at 70 to 
80° F. was passing through the tubes; surround 
ing them was a steam-heated solution of phos- 
phate containing some H.S at 150 to 170° F.. Tubes 
were *, in. outside diameter, 16-gage wall. Rep 
resentative portions of the charts from the tubes 
located in Fig. 2 are shown in Fig. 3. Service was 
30 months. It was found that the corrosion was 
limited to the inner or water side, and that steel 


magnitude of pen deflections are 
then related to the severity of 
corrosion. In the same way, 
general corrosion uniform 
thinning of tube walls) can be 
related to offset of trace from 
center of strip chart. 


| 


| 


When the information § is 





properly evaluated, many sav- 

ings have resulted. A few in- j 

stances will now be cited. 
Numerous tube bundles 

have been inspected and the 

records revealed that) corrosion | 

has been selective, being more | 

prevalent in one part of the 

bundle or of the entire condenser 

than in another. Sometimes only 








been replaced; in other instances 


| 
1 | 














' 
' 
a portion of such a bundle has | 


the bundle has been rotated 
through 180° and the life of the Fig. 3 Records of Tubes After 30 Months in Experimental Tube Bundle, 
remaining tubes prolonged. Exposed Inside to Treated Well Water at 75° F. and Outside to Hot 

Since using the Probolog it Water (160° F.) Containing H,S and Phosphate. Nature of tubes 
has been found that the rate of 


: No. 48 Inhibited admiralty metal No. 193 Muntz metal 
corrosion may vary considerably No. 150 Muntz metal No. 208 Duplex tube 
with the location of the tube No. 175 


Inhibited muntz metal No. 226 Aluminum brass 
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and aluminum tubes had failed. A careful 
Probolog inspection was made of remaining tubes 
in order to select the best type of metal for replace- 
ment. The charts show several things clearly: 

1. Corrosion and dezincilication of the tubes 
was much less severe on the top (cold) side than 
on the bottom (hot) side. Compare muntz metal 
tube 150 with tube 193 

2. Inhibitors added to muntz metal have a 
definite tendency to reduce damage to metal by 
dezincification. Compare tubes 175 and 1938, both 
from the hot or worst side of the clement. 

3. Inhibited admiralty was generally good on 
both hot and cold sides and compared very favor 
ably with aluminum brass. Compare tubes 48, 208 
mad 226. 

As a result of the information 
from this inspection, all tubes 
except inhibited admiralty and 
aluminum brass were removed 
from the bundle and replaced with 
inhibited admiralty metal 


Localized Corrosion 


Figure 4 illustrates the effects 
of localized corrosion in portions 
of tubing. The chart at the left 
represents the condition of tubes 
on the hot side of a bundle and 
shows only minor deflections, 
whereas a tube from the cold side 
in the same bundle is badly cor- 
roded near the tube’ sheet, as 
shown by the center chart. The 
corrosion was found on the out- 
side of the tube and was caused 
by a condensation of a corrosive 
near the coldest part of the ele 
ment. Tubes having this type of 
pattern are removed from the 
bundle, the bad area cut off, and 





the remaining good portion” re- Fig. 4 
used in shorter bundles. These 
two charts also demonstrate the side. Center 
accuracy of the Probolog in Right 
locating metal disturbances on the 

outside of the tubes, such as the 

baMles which, in effect, represent an increase in 
metal thickness. The instrument, in faet, is 
occasionally used for an accurate log of the dis- 
tance between baffles. 

The pattern shown in the third chart ot 
Fig. 4 indicates severe dezincification on tubing 
from another bundle. This tube was muntz metal 
and had operated in a steam condenser for about 
1S months. 


Optimum Use Having an instrument of this 


type at hand, the question of using it to its best 
advantage continually arises. The technique varies 
with the particular type of operation or location 
of the tubular element. 

On examining a bundle in an oil refinery 
during a shutdown, when only a short time is 
available, Probolog records are usually made in a 
Starting at the first tube in 
the upper left-hand zone, one tube in each row is 


criss-cross pattern. 


logged, continuing down to the lower right-hand 
zone. Starting again at the upper right, the 
inspecting proceeds to the lower left with one tube 
in each row. This method permits a rapid evalua- 


tion of questionable zones, which can then be 
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Records of Corrosion Encountered in Muntz Metal Condenser 
Tubes After 18 Months in Steam Condenser. Left 


sound tube from hot 


tube from cold side corroded on outer surface near tube sheet. 
severe dezincification (chart running at three times speed of others 


further explored by logging a number of tubes 
surrounding any showing wide pen deflections. 
One or more of these bad tubes can sometimes be 
withdrawn from the bundle for comparison with 
the record charts and a decision reached as to the 
necessity for withdrawing the entire bundle or as 
to leaving it in place for another run. 

On the other hand, when a bundle is known 
to have been leaking, the Probolog is used as a 
supplement to the hydrostatic test. By this 
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method, water is foreed under pres- 
sure around the tubes while they are 
still in the shell, and leaky tubes are 
immediately located. If a large num- 
ber are leaking and they are scattered 
over the cross section, it can be con- 
cluded that the entire bundle is in 
bad condition. When there are only 
one or two leaky tubes, the Probolog 


can be used to good advantage. After 





\ probe that sets up and measures eddy 


currents in the walls can indicate irregularities 


in thickness of !rass tubing due principally 


to corrosion or dezincification, and can thus 


spot defectives or tubes about to fail. Hitherto 


making a record of the leaky tubes, 
they are withdrawn, split, and defects 
Subse- 
quently, the remaining tubes in the 


checked against the record. 


bundle are logged, and those near the 
point of failure are located. Such 
failures have been isolated in’ only 
one pass of the bundle, where neces 
sary repairs were made. It has also 
been found that a single failure had 





about all that could be seen in a tube bundle 
except by completely dismantling 
inches of the insides at either end. The instru- 
ment can also be used to explore the condition 
of tubes prior to re-use, and to separate mixed 


lots by composition. 


was a few 








been caused by the installation of a 

tramp tube entirely unsuitable for the 

service. The Probolog showed that all the adja- 
cent tubes were in good condition; therefore, the 
bundle was retained in service after the defective 
tube had been plugged. 

For the inspection of large surface condensers, 
such as are used in power stations, a somewhat 
different procedure is required. Here we find ele- 
ments containing many thousands of tubes. The 
covers are sometimes 3 ft. from the tube sheet, 
and have entrance manholes. Upon inspecting 
one of these condensers, all tubes directly back ot 
the manholes are Probologged. For checking 
tubes not directly in back of the manhole, one 
operator gets between cover and tube sheet, pro- 
jects the probe to the far end of a particular tube, 
and at a proper signal to another operator on the 
outside, the puller and recorder are started 
simultaneously. 

Another phase of Probolog recording is that 
used by refineries, particularly in the Arabian area 
where replacement tubing is diflicult to obtain and 
very expensive. In these areas, every tube that has 
been withdrawn from condensers is surveyed by 
the instrument to determine if there is sufficient 
sound metal remaining to use in a shorter element. 

Sorting of mixed tubes may also occasionally 
be done. Due to the electrical property differ- 
ences, many types of condenser tube alloys can be 
separated by balancing the pen to a center line 
in a tube of known analysis. Then by inserting 
the probe into the unknown tubes of the same 
diameter and wall gage, all tubes with the same 
analysis as the standard sample will cause the 
pen to stop at the same center line. In order to 
identify the other tubes, corresponding standards 


from other known materials are first established 

By the proper use of this instrument, consid- 
erable saving in material and improvement in 
plant performance can result, 


Savings Realized 


In its first year period of operation at one ol 
our refineries, the Probolog was used to inspect 
16 tube bundles. From these bundles, approxi- 
mately 2750 copper alloy tubes were recovered, 
costing about $3900. Actually, the saving was 
somewhat less if the cost of inspection and recon- 
ditioning tubes is included. On a basis of a labor 
cost of $0.233 per tube the actual saving was 
about $3600. 


ing: labor cost for inspection, 5.5¢ per tube; 


The labor cost includes the follow- 


cost to remove tube, 17¢ per tube; cost for trim- 
ming ends, 0.8¢ per tube. These labor costs are 
based on large bundles, and will vary according 
to bundle size and tube conditions. 

At another refinery, savings of approximately 
$4000 were realized in a study of a large surface 
condenser af the catalytic cracking plant and a 
large condenser at the topping plant. The staff 
expects savings to accrue of from $10,000 to 
$15,000 per year. 

The two examples just described illustrate 
quite well what might be called the cash savings. 
However, there is no way of showing how much 
has been saved from better operation, prevention 
of forced shutdowns, or prevention of accidents to 
personnel. Such intangibles are ever-present and 
if they can be minimized, savings would result far 
in excess of tube replacements. 8 
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Bulge ‘Testing of 


Sheet Metal 


lL. RECENT YEARS considerable progress has 
been made in the understanding of bi-axial and 
tri-axial states of stress, and many investigators 
have begun to explore systematically the different 
criteria associated with the various types of fail- 
ures found in simple and complex structures 
Among these the more fundamental are concerned 
with studies on the bulging and rupture of sheet 
specimens clamped in circular flanges. In such 
testing, the principal stress perpendicular to the 
plane of the sheet is assumed to equal zero, and 
the other two lying in the plane are equal in 
magnitude. Thus there is a condition of bi-axial 
stress in the sheet. 

Most of these investigations have been con 
cerned with theoretical aspects pertaining to the 
plastic flow and rupture of sheet metals.'. Some 
authors have suggested that the quantitative data 
derived from bulge testing may be related to the 
formability of the sheet metal tested. However, 
this method is just as important as a standard 
testing technique. 

The bursting of sheet specimens in the circular 
bulge represents a test of considerable sensitive 
ness — far more, for example, than can be obtained 
with the conventional tensile test on sheet specti- 
mens. This sensitiveness? has found an important 
application in the manufacture of frangible rupture 
diaphragms by Black, Sivalls & Bryson. These are 
used commercially as a protecting device for 
pressure tanks and vessels. Bulge testing could 
therefore become very useful in determining the 
quality of sheet metal products 

The essential features of this testing equip- 
ment are shown schematically in Fig. 1. The sheet 
specimen simply is clamped between two flat flange 


plates. In units having an inside diameter below 


By Helmut Thielsch 
Research Engineer 
Lukens Steel Co, 

Coatesville, Pa. 


2'5 in. the edge of the upper clamp ring should 
be rounded somewhat; otherwise shear fractures 
may occur at the edges 

Pressure is applied from one side, either from 
an air compressor or hydraulically. The latter 
method is of greater convenience since the pressure 
line may be attached to the oil system of a standard 
tensile testing machine. As pressure is applied the 
sheet specimen will begin to bulge out at its center, 
forming a segment of an approximate sphere 

The pressure at which the bulging specimen 
will rupture or burst is inversely proportional to 
the inside diameter of the flange. This relation is 
shown in Fig. 2 for aluminum sheet specimens ot 
types 2S-O and 75S-O. These curves were obtained 
from experiments with test Manges of different 
inside diameters. As Bonyun* pointed out, this 
relation can be expressed by the function 


Kk 
B 
where D is the diameter of the diaphragm (that is, 


D 


the inside diameter of the upper clamp ring), & is 
a constant which, for a specific specimen thickness, 
will be characteristic for the material, and B 
represents the pressure necessary to “burst” the 
sheet specimen (that is, the bursting pressure). 
The equation is that of a hyperbola having its 
asymptotes as the coordinate axes, and plotted as 
straight lines on double logarithmic paper. 

In using the equipment of Fig. 1, normal tight- 
ening does not produce edge effects. Only in 
extreme cases was a slight increase noted in the 
bursting pressure of sheet specimens clamped in 
flanges having diameters of less than 142 in 

So much for a single material, such as fully 
annealed aluminum. To obtain a fundamental 
relationship between the bursting properties of 


Buloed Sheet Specimer 
Pressure Gauge 


= 
. 








4 
( rig Nd 4 Cat, f, f i 








UL - 7? 








| 
— L 
of Flange 
Pressure Inlet 


hig. | frrangement of Bulge Testing Equipment 


Vetal Progress; Page 86 











different materials a new standard term, the 
“Unit Bursting Factor” (Ubf), has to be ; ; ; 
dusted ‘This, totter. of come, Oh te Formability of sheet metal was 
relative, and is defined as the theoretical given intensive study during the war. 
pressure necessary to rupture a material One of the tests for determining bi-axial 
O=.001 in. thick in a flange having an inside 


strength is the “bulge test”, and this 
diameter of | in. Thus 


Ubf axe This brief article attempts to bridge the 
t 


where B is the bursting pressure at any 


has received much theoretical study. 


gap over into the realm of testing mate- 
rials, the author believing that results 
diameter d of a specimen ¢ thousandths of : 
ats nue Whe of a bulge test may readily have a bet- 

To each roll or sheet of material can be ter correlation with the formability of 
assigned now its Ubf, or, since the thickness sheet metals than the other cupping 
of a rolled sheet product should be constant, tests that are frequently used with 
it could be classified also by a Bursting Indea 
B,), obtained by multiplying the Ubf by the 
thickness ¢ of the sheet. Then the bursting 


indifferent) success. 











pressure B at any diameter can be found by 
dividing B, by d, the ange diameter. 

Determinations for the Ubf of 2S-O) alumi streaks of porosity, or seratehes. Standard tensile 
num were made on several hundred different tests did not reveal the influence of such 
rolls. Plotting the results against the individual imperfections. 
thickness of the respective sheet will give a curve In comparison to tensile tests, bulge testing 
somewhat similar to a familiar stress-strain curve. gives results of far greater reproducibility. This 


Above a thickness of about 0.020 in. the curve becomes evident from the results such as a series 
flattens out to assume a constant value, being of tests on a sheet of 2S-O aluminum, 0.0252 in 
1.5 Ib. This, then, is the characteristic Ubt for thick, ruptured in a flange having a diameter ol 


2S-O aluminum sheet. The rather rapid drop of + in. Companion tensile specimens were stamped 
the Ubf for thinner gages is probably due to surface out in a die, and were polished at their edges to 
defects in the very thin specimens. In the 2S-O remove die markings. As only the scatter of actual 
aluminum, 98° of the sheets tested varied less test data is of interest here, the tensile results 
than 5° from the curve of the median Ubt pounds) have not been converted to unit stresses 
Actually the median curve corresponds closely to Bursting pressures in the bulge test (psi.) were 
a mean of the experimental values. Upon careful 931, 234, 232, 232, 230, 232, 233, 232, 233, 231; 
examination the other 2°>, which fell below this the maximum deviation from median was 0.86‘ 
range, showed surface irregularities such as The loads on tensile specimen in the tension test 
Ib were 174, 186, 193, 194, 
189, 179, 190, 177, 183, 188; 
Dashed Line: | the 7 
523-0 median was 5.4 
umunum Sheet Enough work has been 


S 





maximum deviation from 


\ 
S 


done on four aluminum alloys 


KR 2S 


to locate curves of Ubf versus 


thickness Each one levels off 


Diameter of Diaphragm, /n 


to a constant value above a 


certain thickness, thus 


co Qa + NENG | ‘ N ‘ Se ~ CLUMARACTE! 
. ALLO, mtr Ure Pittecnwnt 
full Lines for | NINA . ee, NS 25-0 15.00 Ib GSES Sn 


2s-O0 tS-0 : 0.020 


Aluminum Sheet —. i SED I = NI . SO) 0.025 
Nix . 24S-0) ( o.030 

49 6810 20 490 6080100 200 400 600 1000 2000 
Bursting Pressure, Psi In some of these the devia 
. tion or seatter from the median 
Fig. 2 Bursting Strength Versus Diaphragm Diameter for 28-0 and iS more pronounced. This 


w 


~ 








Is 


528-0) Sheets of }arious Thicknesses. Slopes of all lines are parallel due to the additional structural 


July. 1919; Page 87 








a B Cc 


Fig. 3 Ductile Failures in Bulge Tests 


phases which appear in these alloys: obviously, 
the constituents representing additional phases 
will have their own physical properties such as 
ductility and strength. Moreover, the deviation 
will be larger in thinner sheets, below 0.020 in. 

Results of greatest uniformity are obtained for 
sheets or plates in their soft) annealed state 
Rupture in the bulge is a function of the ductility 
and the strength of the material. Since cold work homogeneous materials are evidenced by a straight 
ing a sheet will lower its ductility, the ability of erack, as in Fig. 8A, running in the rolling 
the sheet to stretch or bulge out will be reduced, direction. The crack will 
consequently lowering the over-all bursting diate center 


Fig. 4 Brittle Failures in Bulge Tests 


originate in the imme 
area of the top crown. In addition 
strength. For example, 2S aluminum, “one-quarter to this type some ductile (soft 


annealed) alloy 
hard”, will rupture at a pressure 3 to 6% lower 


sheets may fracture in a C-shaped flap-like fashion, 
than the same material would in its soft annealed Fig. 3B, again 


originating in the center area ot 
condition the 


crown. Normal ductile rupture diaphragms 
Elevated temperatures, on the other hand, burst by compressed air will exhibit 

though increasing somewhat the sheet’s ductility, peel type of fracture, like Fig. 3C 

will lower the strength of the cubie metals more Brittle failures in hard 


an orange 


or defective materials 
severely. This is shown by the following values may have various appearances. They may occut 
for the tensile strength and the bi-axial rupture transverse or inclined to the direction of 


rolling. 
strength of 2S-O aluminum 


as shown in A and B of Fig. 4 or (if in the 
tai —— rolling direction) may show a number of trans 

Pressunt STRENGTH verse cracks as at C. C-shaped flaps may occur 
=) 100¢% (datum) 100% (datum) without passing through the center of the bulge, 
150 80 depending upon the location of the defect (Fig 
dot 7 1D and E 


Similar considerations hold true for other sheet 


LD 5D 
fot bo 

metals and alloys such as copper, nickel, monel 
Sachs, Espey and Kasik* give similar graphs and stainless steel. For these, like 


aluminum, 
for the major aluminum alloy) sheet) materials bulge 


testing proved to be a method of important 


Moreover, the same authors have shown that the sensitiveness. However, many experiments are still 
type of fracture also will provide an indication of required to explore all the possibilities. Thus, 


the condition of the sheet. Thus, in) hydraulic bulge testing might well give significant data 


rupture tests, normal ductile failures of structurally pertaining to the formability of sheet metals. @& 


» “Weak S) * fo ’rotecting }. “Frangible Disks as Protectior 
Bibliograpl High-Pressure Process Industry for Pressure Vessels”, by M. E. Bot 
IDhoeraply Equipment”, by C. E. iff, Cl yun, Transactions of the American 
and Met ! rine ( | titut i 


tute of ‘al Engineers, Vol 
, 1935, af - “Protecting 
phragms: Characteristics, »s and ‘ssure Ruptured 
Size Calculations”, by T. S s”, by =. Bonyun, Chemica 
Jr.. Chemical and Metallurgical Eng and Metallurgical Engineering, Vol 
ng, Vol. 51, Nov. 1944, p 12, 1935, p. 260-263. 
Dec. 1944, p. 99-103; “Des 1. “Circular Bulging of Alun 
Manufacture of Bursting Disks”, by num-Alloy Sheet at Room and E! 
Cc. F. Lake and N. P. Inglis, Eng vated Temperatures”, by G. Sachs,.G 
, neering, Vol. 148, 1939, p. 58-60, pey and G. B. Kasik, Transactions 
Americar 8%: Proceedings of the Institution « if the American Society of Mechan 
Metallurgical Mechanical Engmvers, Vol. 142, 19 al Engineers, Vol. 68, Feb. 1946, p 
4-604, p. 365-37 
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Solid Brass combined with 
SCO EBT BTL 


this quality 


nt Pin Tumbler [ eel) ST 

00 Line of Precision-Built Lock Sets 
Includes locking button in center of 
inside knob, and automatic deadlock 
Made by Sargent & >mpany, New 


Haven, Conn 








lock set 


a 
re 


I 


Parts of the Sargent 4500 Line 


Lock Set. All 


most working 


exposed and 


are solid 


brass) Other metals include 


seamless steel 


cast aluminum, 
and lock washers 


are rust-proofed 


a —~ 


on is a fixed policy of Revere, 
expressed through its Technical Ad- 
visory Service, to recommend the most 


suitable materials for each application, 
whether or not supplied by Revere. An 
outstanding example of this practice is 
to be seen in the Sargent 4500 line of 
Precision-Built Lock Sets, a new line 
of exceptional beauty, security, conve- 
nience and long life. Revere and Sar- 
gent collaborated closely on this and 
other Sargent products. 

The lock sets have a number of im- 
portant advantages. One is the self- 
aligning feature; there is an aligning 
tube of pressure-cast aluminum which 


makes it independent of the door tor 
proper functioning. The case is a seam- 
less steel tube, copper brazed to the 
front support plate. The solid brass 
lock mechanism has been simplified to 
achieve a small cross bore, permitting 
gracefully-designed knobs and roses 
in the proper proportions. The roses, 
incidentally, are applied without the 
usual screws, and there is no set screw 
in the knob. A new principle permits 
the knobs to project the same distance 
on each side, regardless of door thick- 
ness. The lock set is available in five 
different functions, each requiring the 
same size holes in the door, for the 
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steel springs 


Steel parts 


pressure 


BPriinea>e— 


ce 


economy of standardized installation. 

All exposed parts are brass as are 
many of the other parts—solid brass 
the quality metal that assures perm 
nent service and good looks in har | 
ware. Revere is proud to be an impor 
tant supplier of fine brass in the 
hardware industry, as well as to manu- 
facturers generally 
Advisory Service is always at your 


. The Technical 


service, ready to give unbiased sug- 
gestions on 
fabrication. 


REVERE 


COPPER AND BRASS INCORPORATED 


Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, New York 


materials, design and 


Mills: Baltimore, Md.; Chicago, Ul; Detroit, 
Mich.; Los Anecles and Riverside, C 
New Bed/ird, Mass 
Sales Offices in Principal Cities, 
Distributors Everywhere, 





1°x18"x61'/, 

Segment, 98 

R. outside 

80” R. inside 
24,000 Ibs. of 
customer satis 
faction 


hether it's a single pattern cut plate; a group of different 
shapes, or production quantities of identical shapes—G. O. Carlson, Inc. 
can supply your needs at costs usually considerably less than if you pattern 


cut the plate in your own plant. 


This fact is readily upparent when you realize that as specialists in Stain- 
less Steel, G. O. Carlson, Inc. has concentrated its efforts to develop powder 
cutting methods which approach the ultimate in efficiency and economy. In 
addition to these savings, our many customers report that the quality of our 


work is such that subsequent fabrication is less costly. 


Regardless of size or quantity, send your next order for pattern cut shapes 
to G. O. Carlson, Inc.—stainless steel plate in a complete range of analyses, 


produced to chemical industry standards—pattern cut to your specification. 


USERS OF CARLSON STAINLESS PLATE 
SAVE TIME AND MONEY 


CARLSON. inc. 


Stainless Steels Exclusively 


300 Marshalton Road, Thorndale, Pa. 
PLATES « FORGINGS e BILLETS ¢ BARS ¢ SHEETS (No. 1 Finish) 


Warehouse distributors in principal cities 
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Personals 


Robert J. Nekervis @ has been 
appointed to supervise the metallurgi- 
cal development and Robert M. Mac- 
Intosh the chemical development of 
the newly established Tin Research 
Institute, Inc., in Columbus, Ohio 
soth men were formerly with Battelle 
Memorial Institute. 


Howard E. Pellett &, formerly 
metallurgist with Republic Steel 
Corp., has been appointed West 
Coast (San Francisco and Los 
Angeles) sales engineer for Riehle 
Testing Machines Div. of American 
Machine and Metals, Inc. 


R. M. Walker, Jr.. @ has joined 
Electro-Alloys Div. of American 
grake Shoe Co., Elyria, Ohio, as sales 
engineer for the Michigan territory 
His headquarters will be in Detroit. 


Melville D. Johnson © has bee: 
promoted to vice-president of the 


Purolator Products, Inc., Newark, N.Y. 


Douglas P. Tracy ©, formerly 
metallurgist of Detroit Tube and 
Steel Co., is now assistant superir 
tendent of seamless tube mills for 
the Youngstown Sheet and Tube Co., 
Youngstown, Ohio. 


George McB. Peters ©@ is now 
associated with Allegheny Ludlum 
Steel Corp. as sales representative i 
its Buffalo, N. Y., office. 


Paul R. Wilt @, formerly senior 
metallurgist at the Glenn L. Marti: 
Aircraft Co., Baltimore, Md., is now 
with the Boeing Airplane Co 
Wichita, Kan. 


Roy Ohno &, formerly 
with Yale & Towne Mfg 


holds a_ similar position 
General Electric Co., Pitt 


Albert M. De Gaeta &, form 


at Texaco’s Beacon Laboratori 


now a mechanical engineer at t 


York Naval Shipyard, Brook 


G. A. Greenamyer & 
the opening of his busines 
facturers’ representative 
phia, at present representing 
Stainless Casting Corp 


can Aluminum Casting C« 


Robert C. Bramlette 6, 
graduate of Vanderbilt U: 
with the Americar 


Birmingham, Ala 


— a 
Lane, Jr., &, 
vard Ait 





Whats the right X-Kay film? 


Product: 


—_— Ora ve whee] 


ties 
Pee — 


E Materia). ee ee 
ated lind 
= —_©ast steg) — 
et ~_a 


_ Equipment, --——— 


_250-kv x-pay 


‘ray unit 


KODAK INDUSTRIAL 
X-RAY FILM, TYPE F 


Because the equipment had only moderate power and sec- 
tion thicknesses up to 314 inches were to be examined, the 
radiographer chose Kodak Industrial X-ray Film, Type F, 
exposed with Kodak Industrial N-ray Intensifving Sereens 
Phis film is designed for use with fluorescent screens to 
provide maximum speed. The combination is essential in 
boosting equipment capacity to handle a heavy job like 
this. And, since the examination is for gross defects, speed 


is more important than sensitivity to very fine detail. 


—EE \ 


RADIOGRAPHY 
IN MODERN INDUSTRY 


A wealth of invaluable data on 
radiographic principles, practice, 
and teclnies. Profusely illustrated 
with photographs, colorful draw- 


oo Beneas seeesrar 


ings, diagrams, and charts. Get 
your copy from your local x-ray 


dealer price $3. 





Radiography 


another important function of photography 
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A TYPE OF FILM FOR EVERY PROBLEM 


To provide the recording medium best suited to any 
combination of radiographic factors, Kodak produce s 
four types of industrial x-ray film. 


Type F vives the highest a 


exposed th 


Type Mp: 
direct exposure © 


erat 


Type A offers hig tr 
speed of Type M, but wit 
sith | 


direct or 1 lem 


EASTMAN KODAK COMPANY 
X-ray Division - Rochester 4, N. Y. 


Kodalk 


“Kodak” is a trade-mar 





Quality 


CASTINGS 


Eiheece 


MEEHANITE 
ABK METAL 


GRAY IRON 
(plain or alloy) 


@ American Brake Shoe research and advanced foundry techniques 
can benefit you. When you refer your requirements to Brake Shoe, you 
get sound, clean, metallurgically correct castings, and machined rejects 
are low. You also receive the advantage of impartial recommendations 
as to metal types, such as: 


Meehanite * — a series of controlled irons in 3 general groups 
to meet specific requirements; general engineering, heat resis- 
tant, corrosion resistant. 


ABK Metal — a premium grade alloyed iron with outstanding 
abrasion resistance. 


Engineered Gray Iron — a series of engineering cast irons 
with controlled properties and good machinability. 


At Brake Shoe’s large and well-equipped production foundries in 
Mahwah, N. J., Melrose Park, Ill., and Baltimore, Md., castings of 
widely used types can be made — light, medium or heavy weight, green 
or dry sand, or all core assemblies — as well as difficult or special pur 
pose types. 

Whatever your present or future needs for cast parts may be, send 
your specifications to Brake Shoe for expert recommendations. 
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Personals 


W. E. Kuhn @ has recently been 
appointed associate metallurgist of 
the Titanium Alloy Mfg. Div. of Na 
tional Lead Co., Niagara Falls, N. Y. 


Louis T. Friedman ©, formerly 
assistant professor of engineering at 
Champlain College, has joined Sam 
Tour & Co., New York City, as head 
of the metallurgical engineering de 
partment. 


Raymond J. Donley @, graduate 
in metallurgical engineering from the 
Michigan College of Mining and Tech 
nology, has joined the physical metal 
lurgy research staff of Battelle 
Memoria: Institute, Columbus, Ohio. 


William E. Borbonus @, president 
of R-S Products Corp., Philadelphia, 
has been elected president of the 
Industrial Furnace Manufacturer 
Assoc., Inc. 


Nat Levin @, John H. Garger 6. 
and James P. Moran @, all formerly 
f the Induction Heating Corp., have 
formed the High Frequency Foundry 
Sales Corp., New York City, which 
will act as sales representatives for 
the Thermex Division of the Girdle: 
Corp., Louisville, Ky. 


Heatbath Corp. announces th: 
appointment of William P. Fitz- 
Randolph © as technical director of 
sales. Mr. Fitz-Randolph wa 
formerly technical sales and service 
representative of the America 
Cyanamid Co. 


SKF Industries, Inc., announces 
the appointment of C. E. Hammond 
@ to the position of quality engineer 
of the Shippensburg, Pa., divisior 
Mr. Hammond joined the company 
in 1947 as a time study engineer 


Henry Heyn @, of Surface Com 
bustion Corp., Matt Snodgrass of the 
Gas Machinery Co., and Charles 
Kentnor, Jr.. @ of the W. S. Rock 
well Co., have been elected director 
of Industrial Furnace Manufacturer 


Assoc 


Gecrge B. Waterhouse, past-presi 
dent of the American Society for 
Metals and professor emeritus of 
metallurgy at Massachusetts Insti 
tute of Technology, has recently been 
awarded an honorary degree of 
Doctor of Engineering by Nova 


Scotia Technical College 


Ernest E. Graham @ has beer 
appointed a sales representative fo 
the Cooper Alloy Foundry Co., Hill- 
side, N. J. He will serve Texas, 
Oklahoma and Louisiana from his 
headquarters in Houston, Texas. 





SHORT PARTS «ic LONG FUTURE 


...1adle of Kyoublec COLD DRAWN ALLOY STEEL BARS 


@ In these ratchet wrench heads, as in countless 


other machined steel parts, strength, toughness, 
close tolerances and ease of machining are im- 
portant requirements from both cost and quality 
standpoints. That’s why they are made of Republic 
Cold Drawn Alloy Steel Bars. 


Republic Alloy Steels are unsurpassed for resis- 
tance to wear, impact and fatigue .. . provide 
uniform response to hardening treatment. Their 
use, in many instances, means valuable cost savings 
—reduced maintenance and replacement costs, 
fewer repairs, lower operating expense. In cold 
drawn bar form, these same steels have a recog- 
nized reputation for fine surface finish, accuracy 


of section, close tolerances and UNIFORM 
MACHINABILITY — qualities which hold the 
key to lowest possible unit production costs. 


Republic Cold Drawn Alloy Steel Bars are avail- 
able in all popular analyses, in standard shapes 
and sizes, furnace treated to meet your specific 
requirements— annealed, normalized, heat treated, 
spheroidized, stress relieved or carbon corrected. 


Republic metallurgists are ready now to help 
you secure maximum results... Write for 
further information. 


REPUBLIC STEEL CORPORATION 
Alloy Steel Division « Massillon, Ohio 
GENERAL OFFICES *« CLEVELAND 1, OHIO 
Export Department: Chrysler Building, New York 17, New York 


ALLOY STEEL BARS 


Other Republic Products include Casing—Tubing—Line Pipe—Upson Studs, Bolts, Nuts and Rivets—Electrunite Boiler Tubes 
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Effects of 


AMPCO . sae Internal Stresses 


V oFe , ‘ |* previous issues of Metal Prog 
ersati | ress the first 21 papers in- the 

“Symposium on Internal Stresse 
in Metals and Alloys” (Institute of 


hel S ou i Metals, London, 1948) have beer 
. reviewed. The next section of the 
Syvinpostum, consisting of ning 


— papers on effects associated with 
U 0S s Fe internal stresses on a microscopic 


and submicroscopic scale, is) con 





sidered here 
rhis section begins with Pro 
fessor Lawrence Bragg’s paper con 


cerning effects on a microscopic 


“AMPCO METAL”. ...a by-word scale. The paper is so short (six 


pages, eight references) as to be 


in INDUSTRY — The COMPANY quite disappointing. It is by ne 
and...a PRODUCT of that company | ewns sufficient to state that “eer 


35 YEARS OF PROGRESS... Found- tain simple assumptions lead te 
ed in 1914 to produce sand castings Equation 1°. Also, a value of 
made from AMPCO METAL...a hi- 0.0026 corresponds to 9 minutes of 
iron aluminum bronze, the Company 
has grown steadily and exnanded its | \ ’ 
facilities and the scope of its activities of Dean and Mann, which is not vet 
to the point where it is now an or- ivailable in its published for is 
ganization specializing in the produc- given Without much explanation 
tion of non-ferrous alloys and products 
made therefrom 


are, not lo as stated. The equatior 





md further simplifications are 


{ ike nad he F 
Produced under close laboratory 


control, Ampco aluminum bronze al- Phen Professor Bragg proceed 
loys are available as: sand and centri- to compute the shear strength (in 
fugal castings; extruded rod, tube and stead of the 
simple shapes; rolled sheet and plate; forg- 
ings; arc and resistance welding elec- 
trodes; machined parts; valves; pumps and much cold) rolled?) and declares 
fabricated assemblies. that the figures obtained are of the 


shear vield) for five 
mnetals in the cold rolled state Chow 


In addition to aluminum bronzes (still proper order of magnitude But 
the major product) Ampco Metal pro- how proper? N 
duces, under the same laboratory con- 
trol, many other copper-base alloys 
including: phosphor bronzes; tin Iron are neither ten times greater 
bronzes; nickel bronzes; manganese nor ten times smaller than the tru 
bronzes and Ampco Beryllium-copper values iv be But it 


o doubt 16.5 tons 


per sq.in. for copper and 6.7 for 


is hard to as 
Ask an Ampco Field Engineer for sume that « 
further details make full use of our 
engineering service. 


opper is two and a half 
times stronger in shear than iros 
and that even silver is) stronger 
than iron 

L Laboratory Control and Research. Professor F. C. Theo 


psol ‘s pa 
2. Modern Sand Foundry for job or produc- per examines the internal stresses 


tion work. rising from transformations i 


3. Centrifugal Foundry . . . producing cast- netals and alloys (six pages, 18 ref 
ings weighing less than a pound to more erences). It is a purely qualitative 
then 6000 pounds. 


4, Pouring billets for Extrusion Mill. nade by variot 


statement of micro-observations 
is authors on metals 
5. Machine Shop spacializi g in aircraft work. ind vllovs and of the hypotheses 
explain such unexpected fea 
FOR COMPLETE DETAILS -— tures as the retention of austenil 


tear out this coupon and mail today. in the center of water-quenched 





burs of high-carbon steels, while 


Ampco Metal, Inc 
Dept. MP-7, Milwaukee 4, Wis 


the outside is largely transformed 
to artensite. In addition to the 


Name Position examination of strains an the 


Company mustenile artensite transformation 
Company Address 


City 


the author discusses the strain lines 
obtainable in the purest samples ol 
chill-east zine and cadmiun such 
5 Strains indicating the presence of 


<{'|Je> AMPCO METAL, INC. Wotropie changes at low tempera 
el.) MILWAUKEE 4, WISCONSIN 
West of the Rockies, it's the Ampco West Coast Plant, Burbank, Calif. 


tures (these changes were consid 


ered absent so far) (To p. 46 
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Downtime is time forever lost. Specify BTR (Beth- 
lehem Tool Room) for those longer runs and cut your 
downtime by increasing production between grinds. 
BTR is high in wear-resistance. But it’s an easy steel 
to machine. And heat-treaters like the way it hardens 
in oil from 1475 F with minimum distortion. 

BTR is deep-hardening, holds a durable cutting 
edge. It's a general-purpose steel for a wide range 
of tools and dies. Best of all, BTR is economical. Try 
it on your next job and you'll probably find, as many 
others have, that it replaces several grades you're 
now using. 

Call the nearest Bethlehem Tool Steel distributor 
or Bethlehem sales office. Prompt deliveries from 
local stocks. 


TYPICAL ANALYSIS: 





0.90 1.20 0.50 0.50 0.20 
HEAT-TREATMENT: 
Anneal at 1450 F, furnace-cool, 202 Brinell 
Harden at 1475 F, quench in oil 
de trom Temper from 325 to 400 F for a working hard- 
= ea" ness of 58 to 62, Rockwell C 
~ weut- 
bout 


die— 
nd piercing 
a ual sections of 19- 
Its escellon 
oduction of 4 
is sh dies will have BETHLEHEM STEEL COMPANY 
eon eces betw ; when BETHLEHEM, PA. 
300, 4a 0.005 ine 


a long life, = = about three times a yet On the Pacific Coast Bethlehem 
ress’ ‘ 


f roducts are sold b 
they are red Photo through courtesy « P J 


4 Manufacturing CO Bethlehem Pacific Coast Steel Corporation 
Too! om 4, Conn 
Westberg Bridgepo’ 


Export Distributor: 
Bethlehem Steel Export Corporation 





FiRTHTE CARBIDE TIPS Stresses 


(Cont. from p. 94) Analogous 
strain lines are formed in quenched 
VOM ee Cte TPCT NIP LTE | aluminum-copper alloys. 

5 Lapse ewer C. C. Earley contributed a small 
paper on the effect of internal 
stresses on the rates of transforma 
tion in iron-nickel alloys (four 
pages, one plate, two references) 
It embodies, in the form of a supet 
excessively abbreviated report, the 
author’s work on iron-nickel alloys 
up to 27% nickel. The method of 
attack consisted in X-ray back re 

r ection studies plus dilatometri« 

——___— investigations. How much was 
Sechons NOW! done in both directions cannot be 
® judged, for the author produces 

— ae | neither data nor graphs beyond 
10% nickel. A dilatometric exami 
nation of the isothermal transfor 
ination in two samples of 1a 
nickel, one merely cooled to 690° ¢ 
the second annealed at 500°C. be 
fore isothermal transformation 
produced graphs of analogous (but 
not coinciding) shape, and the 
author concludes that the = strain 
due to the distorted lattice of alpha, 
as obtained in rapid cooling, does 


not cause the alloy to transform 

differently from the manner obtain 

YOU CAN DO IT Aeaoelr~ ing in an alloy in which the distor 
borver raster, cheape 


tion was eliminated by prolonged 
annealing. 

with en: Fr. R. N. Nabarro presented a 

ee report (14 pages, 56 references) on 
The use of Firthite (sintered carbide) Tips and Blanks for Cutting the state of our knowledge (or more 
Tools provides better tinishes—makes possible the cutting of so- appropriately 
called unmachinable materials and holds to closer tolerances 
on long runs. H : cae ‘ ' 

Firthite Tips and Blanks achieve faster production—more rapid = paper cannon even Be ap 
removal of materia!—higher output in less time. This results in proached by a reader who is not 
cheaper production because of longer tool life—more continuous fully steeped in a number of 
performance—less regrinds. 

Firthite Tips and Blanks come in all forms and grades to meet 
every demand of the metal working field. Get in touch with a 
Firthite Sales Engineer to discuss tooling your machines with atoms and holes in the erystal lat 
Firthite. tice. One has to be able to visual 

- - ° . . 
Firth Sterling ize a molecule consisting of a hole 
STEEL & CARBIDE CORPORATION, McKeesport, Pa. in space plus the atom A (or its 
Offices and Warehouses in Hartford, Philadelphia, Cleveland, ion). After one succeeds in doing 
Detroit, Chicago, Dayton and Los Angeles this trick, it becomes “easy to see 
Offices in New York and Pittsburgh that such a molecule can wander 
In Canada: Chapat Engineering & Sales, Ltd., Hamilton, Ontario freely through the lattice’. Why 
eB Ee mB Os “easy”? And how easy? This “it 


R-169 Firth y ti: 


STEEL & CARBIDE CORPORATION 


SEND fAcKeesport, Pa. 


Please send me a copy of the neu 
THIS Firthite Tips and Blanks Catalog, Section “60-000”. 
I would like to discuss Carbide Tooling with a Firthite 


COUPON Engineer. 


Company 





ifnorance) re 


garding diffusion and precipitation 


hypotheses, as for instance the 
presence of full atoms, ionized 


is easily shown” appears too fre 
quently in papers by theorists. It 
does not help a bit to understand 
the subject. 

E. C. W. Perryman contributed 
a brief paper (six pages, four ref 
erences) on the effect of cold work 
on the rate of precipitation in alu 
minum alloys with 7% magnesium, 
with 8% magnesium plus 1% zine, 
and with 3'2°% magnesium = plus 
44%4% zine. The work consisted 
exclusively in microscopic and 
hardening investigations. The quite 
definite conclusions (To p. 98) 


Address 
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CHEMICAL USERS’ GUIDE To General Chemical 


Products for the Metal Industries 


SHIPPING 
CONTAINERS 


Sulfuric Acid 
H.SO, 


Hydrochloric Acid 


HCI + woter 
(Muriotic Acid 


Nitric Acid 
HNO + woter 


My lrof wor 


HF + woter 


m Phosphate 


Na PO,*12H.0 
TSP 


S im M 


oc etasilicate 
Na SiO, * 5H.O 


C.H.0,°*2H.O 
Potassium Fluoborate 
KBF, 


NoBF, 


Ammonium Fluoborate 
NH. BF, 
Fluoboric Ac 


HBF, + water 


Lead Fiuoborate 
Pb(BF,). + water 
Nickel Fluoborate 
Ni(BF,). + water 


n Fluoborate 
Sn(BF,). > woter 
Zinc Fluoborate 
Zn(BF,). + water 


opper Fluoborate 
Cu(BF,). + woter 


Liquid 


White Powder 


White Powder 


Crystal 


White Granules 


oloriess Crystals 


White Powder 


White Powder 


White Powder 


liquid 


Liquid 


Liquid 


Liquid 


Liquid 


Liquid 








66° Be (93.19%) 
Oleum, 20-65% 


27.92%) 
(31.45% 


(52.30% 


90 or 95% 
Light or Dense 


90° 


P.O. —18 4% 


46.0°/. 
49.0% 


44.0% 


Corboys (ex- 
cept Oleum) 
Stee! Drums 
Tank Trucks 
Tonk Transports 
Tank Cors 


Carboys 


Tonk Trucks 
Tank Cors 


Carboys (ex 
cept 95% 
Drums 

Tank Cors 


Rubber Drums 
(except 60% 
Steel Drums 
& Tonk Cors 
(60% only) 


Fibre Drums 


Fibre Drums 


Multiwall 
Poper Bags 
Fibre Drums 


Multiwall 
Poper Bags 
Fibre Drums 


Fibre Drums 


Fibre Drums 


Fibre Drums 


Fibre Drums 


Rubber Drums 


Carboys 


Corboys 


Rubber Drums 





Rubber Drums 


| 





Carboys 


APPLICATIONS 
Pickling and descaling; electroplat 


ing; bright dipping; electrolytic pol 
ishing; galvanizing; anodizing 


Pickling; electroplating; bright dip 
ping; galvanizing; tinning; etching 
metals; dissolving metals 


Pickling; electroplating; bright dip 
ping; oxide finishing; dissolving and 
stripping metols 


Pickling; electroplating; electrolytic 
polishing; bright dipping 


Manufacture of rimmed steel; heot 
treating; galvanizing; pickling; elec 
troplating 


Electroplating 


Alkali cleaning 


Alkali cleaning 


Oxide finishing; metal cleaning 


Aluminum and magnesium costing; as 
o flux and grain refiner for aluminum 
for removing mognesium from sec 
ondary cluminum alioys 


Aluminum ond magnesium casting 
electroplating 


Electroplating; meta! cleaning or 
dipping 


Electroplating 
Electroplating 
Electroplating 


Electroplating; bonderizing alumi 


num 


Electroplating 





OTHER PRODUCTS: Acetic Acid; Ammonium Thiosulfate Solution; Aqua Ammonia; Barium Fluoride; Chromium 
Fluoride; Copper Fluoride; Copper Sulfate; Glouber’s Salt; tron Sulfide; Nickel Fluoride; Perchloric Acid; 


Sodium Bisulfite, Anhydrous; Sodium Silicote; Sodium Sulfite, Anhydrous; Stannous Chloride; Sulfur; Tetro- 
sodium Pyrophosphate ‘ 


FOR THE LABORATORY OR SPECIAL APPLICATIONS: BAKER & ADAMSON REAGENTS and FINE CHEMICALS 


GENERAL CHEMICAL DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 RECTOR STREET, NEW YORK 6, N. Y 
Albany ¢ Atlanta ¢ Baltimore ¢ Birmingham ¢ Boston Bridgeport « Buffalo « Charlotte « Chicago 
1 ¢ Denver ¢ Detroit ¢ Houston ¢ KansasCity « | Angele ¢ Minneapo * New York 
tiladelphia ¢ Pittsburgh ¢ Portland (Ore.) ¢ Pr lence ¢ San Francisco « Seattle « St. Louis 
FOR AMERICAN INDUSTRY Wenatchee and Yakima ( Wash.) 


In Wisconsin: General Chemical Company, Inc., Milwaukee, Wis 
in Canada: The Nichols Chemical Company, Limited + Montreal + Toronto + Vancouver 
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ARRETT Standard Anhy- 
B drous Ammonia was first 
manufactured in 1890. During 
the last 59 vears, its depend- 
able quality, consistent purity 
and uniform 
made it America’s 
source of NH3. 


dryness have 


leading 


Barrett Standard Anhy- 
drous Ammonia (| Refrigeration 
Grade) contains 99.95°) NH; 
and is oxygen free with a very 
low dew point. When dissocia- 
ted, each pound produces 
approximately 34 cubic feet of 
hydrogen and 11 cubie feet 
of nitrogen. 


Metallurgists are effecting 
real economies by using dis- 
ammonia in the 
production of controlled at- 


sociated 


mospheres in furnaces for 
bright annealing, clean hard- 
ening, copper brazing, sinter- 
ing, reduction of metallic 
oxides, atomic hydrogen weld- 
ing, radio tube sealing and 
other metal-treating practices. 


Anhydrous ammonia also has 
unsurpassed qualities in nit- 
riding of steel, used as ammo- 


nia gas or dissociated. 


Barrett Standard Anhy- 
drous Ammonia is available in 
150, 100 and 50-pound cylin- 
ders from stock points con- 
veniently located from coast 
to coast: or, for larger users, in 
tank carshipments from Hope- 
well, Virginia, and South 
Point, Ohio. 


When you choose Barrett 
Standard Am- 
monia to supply your NH, 


Anhydrous 


needs, you are using a product 
which is backed by 59 years of 
experience. The advice and 
help of Barrett technical men 
are available to Barrett cus- 
tomers without charge. Free 
literature will be mailed on 
request. 


THE BARRETT DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y 
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Stresses 


(Cont, from p. 96) are that sam 
ples overstrained even to the extent 
of only 2% harden on. artificial 
aging to a greater extent and more 
rapidly than the samples that were 
Further, that the 


along 


not so strained 


precipitation erain bound 


aries iS far more tntensive in 


Strained samples than in the 
which were not 
the other 


md more rapidly 


prestrained. On 
hand, these prestrained 
hardened san 
ples show a far shorter life under 
stress-corrosion, which the author 
explains by the greater continuity 
of the precipitated network alon 
the grain boundaries 

Phis short contribution has th 
advantage of being quite clear and 
of practical value. It corroborates 
the facts known in many. othe 
instances, but apparentiyv rarely 
idhered to by the 


namely, that precipitation hares 


practical me 
ing must be used with plenty of 
Someti 
ming plus an ointer 
Strain (cold work after 
heat treatment) will give good 


judgment nes i rapid 


nediate over 


solutio 


service; but ino many more i 
Stunces, an aging at the rineparnul 

possible and a careful 
redial 


cold working will produce material 


temperature 
ibstaining from the intern 
of a far greater endurance as well 
as longer life under adverse condi 
tions. 

We come now to the paper by 
=. Sa- 


(13 pages, 38 references) 


hardening 
Miss Gay 


Gaviler on ase 
ler’s extensive work on the axe 
hardening of aluminum alloys, esp 
cially the 4 
to propound a rather distinct theory 
of hardening. She finds that the 


process takes place, at any temper 


copper alloy, leads her 


ature, in two stages with a station 
According to het 
hardening is 


ary State between 
thre first 
caused by strains introduced by the 


Stage of 


migration of atoms of copper and 
the second by the formation of 
copper-rich platelets on the planes 
of precipitation. The first stage of 
the process leads to an increase in 
resistivity and a moderate strain, 
While the second stage increases the 
strain (completes the hardening) 
and decreases the resistivity 

Miss Gavler mentions, of course 
other theories of age hardening, and 
among these the theory of lt hk 
Evans of a redistribution from ran 
dom to 


solute atoms as the cause of hard 


ordered positions of the 


ening, and the formation of erystal 


lized (three-dimensional) particles 


of the precipitate (Cont. on p. 100 





FORGING 


EXTRUDING OPERATION CASTING 


STAMPING 
DEEP PIERCING 


TORRID | WIRE DRAWING 
STRETCH FORMING * 


MOLD STRIPPING 


tion surfaces of metals, create an extremely low coefficient of 
lubrication to battle friction. friction, 
lubricants fail, 


colloidal graphite dispersions will . . . 


inne metal forming operations, performed at 400° F. and 
up, need constant, positive resist oxidation, and function at temperatures well 
When conventional then versatile “dag” above the burning point of oii. 


in deep piercing—produce smooth forgings to close toler- 


Use “gag” colloidal graphite dispersions as lubricants for 
ances . and reduce die damage 


in casting ond mold stripping—insure smooth surfaces and 


all your metal forming operations, save wear and tear on 
clean parting 


machines, and get better products and fewer reiects 
Acheson Colloids engineers can 
in wire drawing — assure longer die life and uniform h h $ ‘ lub 
w . , > | 
diameter sno you how fo secure positive iubri 

in forging—minimize scaling and sticking 


.  « improve cation at high temperatures 
finish . lengthen die life 


~~: 
and up, with “dag” colloidal graph 
in stretch forming—reduce tearing and rippling 
“dag” < 


ite dispersions. Send 
lloidal graphite dispersions 


coupon NOW 
when applied to fric- 
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Port Huron, Michigan 
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‘Te patented counterbalanced electrode arm control 
system with which this size KT Moore Rapid Lectromelt 
Furnace is equipped aids in rapid melting. The entire 
electrode arm, holder, electrode and cross head are counter- 
balanced by an over and under friction bite winch system 
which provides the most sensitive and rapid electrode 
movement, resulting in the smoothest possible operation of 


the electrode system and precisely accurate furnace control 


Lectromelt Furnaces are available in capacities ranging 
from 100 tons to 250 pounds. Complete details of all sizes 
are contained in the current. catalog. Write for your copy 


today. 


ECTROMELT FURNACE CORP, 
PITTSBURGH 30, PA. 


manufactured in: CANADA, Lectromelt Fur- 
naces of Canada, Ltd., Toronto 2; ENGLAND, 
Birlec, Ltd., Birmingham; SWEDEN, Birlec 
Elektkougnar A B, Stockholm; AUSTRALIA, 
Birlec Ltd., Sydney; FRANCE, Stein et Roubaix, 
Paris; BELGIUM, S. A. Belge Stein et Roubaix, 
Bressoux-Liege; SPAIN, General Electrica Es- 
penola, Bilbao; ITALY, Forni Stein, Genoa 
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Stresses 


(Cont. from p. 98) as the cause of 
softening after the peak of hardness 
is passed. 

Professor J. H. Andrew’s pape 
on internal stresses and the forma 
tion of hair-line cracks in steel 
(nine pages, five references) deals 
in a brief, undecisive manner with 
the summary effects of occluded 
molecular hydrogen and the internal 
stresses, which might if reaching 
the proper magnitude cause hair 
line cracks. Cold worked steel, sub 
jected to high hydrogen pressures 
in pickling or electroplating, migit 
dissolve monatomic hydrogen and 
precipitate it later in various cavi 
ties, especially in the boundary re 
sions between the mosaic blocks 
rhis would certainly cause a tend 
ency toward embrittlement and 
night cause cracking at ordinary 
temperatures without any external 
stress being applied. 

Professor Andrew states quit 
plainly, of course, that the subject 
requires a great deal of stud 
Meanwhile, metallurgists all over 
the world are already fully awar« 
of the necessity to cut down the 
access of hydrogen to their steels 

F. P. Bowden reported on the 
experiments of W. Boas and kK. W 
K. Honeycombe on internal stresses 
caused by anisotropic thermal ex 
pansion of pure metals and alloys 
(SIX Puges, 11 references ) The 
investigation was started by Boas 
ind Honeveombe when it was no 
ticed that a tin-base bearing alloy 
passing through many cycles o 
heating and cooling ck veloped a 
network of surface distortions 
while a lead-base bearing alloy did 
not show any They made the log 
ical assumption that the grains of 
tin, being anisotropic, were unable 
to expand and contract in perfect 
ceord and developed stresses that 
were beyond the vield point of the 
alloy, while lead, being highly tso 
tropi could) not) develop 
stresses, even though its alloys | 
lower vield points 

ro prove their theory, they tn 
vestigated other anisotropic metals 

mainly zine and cadmium, but 
Iso magnesium. The first two re 
cted much more sharply than did 
ti ul magnesium, though havin 
the same type of eryvstal structuss 
apparently suffered no distortion 
due to thermal stresses 

The paper is accompanied by 
beautiful micrographs illustrating 
the phenomena studied. However 
it is somewhat diflicult to agree 
with the author (Cont. on p. 102 
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CLEVELAND 
PUBLIC AUDITORIUM 


October 17-21, 1949 


NECURE your display space NOW! Over 30,000 
\/ management, engineering and purchasing officials 
in the metal industry will visit and inspect the more 


e For full information and to make Space i 
reservations, write: t 


5 
id 
q W. H. EISENMAN {Managing Director} § 
; ' National Metal Exposition 1 
Make your reservations now to show how your 7301 Euclid Avenue, Cleveland 3, Ohio 
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IMPROVE FURNACE EFFICIENCY Stresses 


(From p. 100 when he states that 


WITH FUEL-OIL VISCOSITY CONTROL | cesses ees teen 


mechanical stresses might lead to a 


failure in a bearing. One must bear 





in mind that the phenomena studied 


New method continuously and automatically by Boas and Honeyeombe on metals 


not on alloys were of a strictly 
indicates, records, and controls viscosity plastic nature. while in the usual 
constituent, the plastic distortion 


= would searcely be comparable lin 


base bearing allovs have been used 





( on. x O1L with most satisfactory results for 
BURNER BURNER P 7— ' 11 
BOILER over a century, an 1 eur pase 


F&P VISCORATOR bearing allovs, which. being cubic 
RETURN LINE . cannot show that distortion, would 
TEMPERATURE seniidiginiin probably not be used at all, were 
REGULATOR it not for the searcity of tin 





B. Sugarman’s paper on the pho 

PRESSURE -- ; toclastic approach to stress modifi 
REGULATOR : 

' cations caused by inhomogencities 

(12 pages, no references) contains 


some beautiful polarized-light) pho 





PREHEATER tographs of stress) distribution in 





bent strips of a spectal plastic Phe 


distinctive feature of his) illustra 





COMDEIGATE ns is the use of perforations 


her hollow or plugged by stronger 





substances, in order to show how 
the uniformity of stress distribution 
eeuses and spots of stress concen 
tration appear. However, the author 
‘ . : : ; oe ° does not add a single quantitative 
PROBLEM: To maintain uniform firing condi- ISEB PETS rg TA ges 
tions and peak oil-burner efficiency, in spite of loss to understand the mauni 
fuel-oil viscosity variations. When fuel-oil vis- u of the stresses accounting for 

x number of fringes shown and 


would hardly be able to make the 
and combustion efficiency will vary. slightest use of Sugarn 


cosity is too high, flow rate, degree of atomization, 


iS piper i 
order to gain some insight into the 


‘ ; 5 | distribution of stresses around «ke 
SOLUTION: Measure and control fuel-oil vis- ; a cai | ' 


fects and particles of other constit 
cosity continuously. Specity the VISCORATOR vents or inelusions. 

: All told. it is rather unfortunate 
that the photoelastic methods, 
though useful (perhaps) to the «de 
continuously, and shows, at a glance, how “thick” ; 2 Signer, remain as a sort of icing on 


the | ; the cake as far as the metallurgist 
€ O11 1s. tf ' md metal physicist are concerned 


Instrument. This unit, calibrated in Saybolt 
Universal or Furol Seconds, measures viscosity 


Tiere 








MM. Gk. Corson 
RESULT: Uniform fuel-oil viscosity greatly in- 


creases the efhciency of the burner. In addition, ’ Q, and N. in 
fuel-oil savings alone pay for the VISCORATOR = % 


3. . 
Instrument within a few months. Are s\t elding 


Write for Catalog 88 for complete data. f Te ction of oxygen und nttro 

geno oon iron and steel is) dealt 
With at some length as an introduc 
tion to the function of the eleetrod 
coating ino are welding Phiree 


& PORTER CO. nain point 
FLOWRATOR FISCHER R | ci " | 





Dept. 9S-8Q Hatboro, Pa. 


TRACE MARK 


INSTRUMENTS FOR FLOW RATE MEASUREMENT 
AND AUTOMATIC FLOW CONTROL 
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Sevects D TO RESIST NITRIC ACID on the inside surface 

. ” and atmospheric conditions on the outside, the stainless 

F t tl f steel installation shown in the accompanying photograph 
or COnsIS ell y ine has a record of over twenty years of satisfactory service 

This is a highly successful use of just one of the more 

e o than forty cast and wrought types of stainless steel avail- 
Stainless Steels § ecif able for resistance to chemicals, or sea water, or dyes, or 
’ p y foodstuffs, or numerous other environments for which they 

have already proven highly advantageous. 

Regardless of the type, however, quality and precise 
analysis are primary requisites for success. To insure pro- 
duction of consistently fine stainless steels, Vancoram 
Brand Ferro Chromium is available, made by closely con- 
trolled processing methods and from carefully selected raw 
materials. The low-carbon grades for the manufacture of 
stainless steel are supplied with a carbon content from 


0.06°;, max. to 2.00°), max., all containing from 67° to 
72°; chromium. 

If you have a technical problem involving the making, 
treatment, fabrication, properties, or performance of stain- 
less steel, our metallurgical engineers will be glad to help 


you solve it. 
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485. Furnaces 


For full information on clean hardening, anneal- 
ing, normalizing, carburizing, etc., write for 
Bulletin 801-4. American Gas Furnace Co. 


486. Furnaces, Atmosphere 


Fully descriptive literature available on versatile 
controlled atmosphere furnace for all steels from 
high carbon to high speed in range 1200-2800F 
Delaware Tool Steel Corp. 


487. Furnaces, Electric 


Accurate heat up to 3500° with the new Pereco 
molybdenum-vacuum tube-type electric furnace. 
Send for complete information on model MO-224. 
Pereny Equipment Co. 

488. Furnaces, Forging 

New combustion system and furnace design 

provides fast, high-temperature heating for pro- 


duction forging. Fully described in bulletin 
SC-144. Surface Combustion Corp. 


489. Furnaces, Laboratory 


New “Lab-Type”’ furnace with gas-tight retort 
offers self-contained unit of ample size for wide 
variety of lab operations. Fully described in 
bulletin F 327. Boder Scientific Co. 


490. Furnaces, Laboratory 


New speed oven saves time and cost in labora- 
tory drying. Leaflet describes how samples are 
dried twice as fast by hot, filtered air driven at 
high speed. Harry W. Dietert Co. 


491. Furnaces, Laboratory 


Bulletins 315 and 515 describe furnaces for low 
and high-temperature operation. Five different 
models for analysis, control and production in 
chemistry, metallurgy and manufacturing. Burrell 
Technical Supply Co. 


492. Furnaces, Melting 


Full details on the Moore rapid Lectromelt 
furnaces supplied in capacities ranging from 250 
pounds to 100 tons, described in Lectromelt 
catalog. Pittsburgh Lectromelt Furnace Corp. 


493. Gray Iron 


Mechanical and engineering characteristics of 
gray iron, with details for designing cast com- 
ponents, all combined in new booklet furnished on 
request. Gray Iron Founders’ Society. 


494. Hardness Testers 


Bulletin DH-114 contains full information on 
Tukon Hardness testers for use in research and 
industrial testing of metallic and nonmetallic 
materials. Also included is bulletin DH-7 giving 
experiences in various fields. Wilson Mechanical 
Instrument Co. 


495. Heaters, Immersion 


For a new way of heating liquids under pressure, 
write for the new bulletin on Amersil opaque 
fused-quartz electric immersion heater. Amersil 
Co., Inc. 


496. Heating Elements, 


Electric 
Bulletin H gives detailed information on AT type 
nonmetallic electric heating elements, including 


tables for a wide variety of sizes available. Globar 
Div., Carborundum Co. 


497. Heat Treating 


Full information available on all types of 
Edicurrent furnaces and Lavite salt baths for 
hardening, tempering, quenching, annealing, and 
cyaniding operations. Bellis Heat Treating Co. 


498. Heat Treating 


“Shop Notes on Heat Treating of Steels” is the 
title of a new non-technical booklet for shops 
without trained metallurgists. Discusses typical 
heat treating procedures and tips for better con- 
trol, along with definitions of terms. Cooley 
Electric Mfg. Corp. 


499. Heat Treating 


Barrett standard anhydrous ammonia available 
in 150, 100 and 50-pound cylinders in conveniently 
located stock points. Free literature mailed on 
request. Barrett Division, Allied Chemical & 
Dye Corp. 


500. Heat Treating 


Bulletin 100 gives complete information on 
controlled atmosphere indicator employing new 
principle of vacuum-jacketed sensing cells which 
detect and register deviation, positive or negative, 
from predetermined air ratio. Charles Engel- 
hard, Inc. 


501. Heat Treating 


Form 7340 C, an 8-page illustrated article, 
contains interesting story of the conveyorized 
harden, quench, and draw installation at American 
Fort Pitt Spring Division. Sunbeam Stewart 
Industrial Furnace Dis. 


502. Heat Treating 
Pressed steel lightweight sheet alloy heat treating 
units furnished in any size, design or specification. 


Write for full information on this. he Pressed 
Steel Co 





WHAT'S NEW 


IN MANUFACTURERS’ LITERATURE 





503. Hydrofluoric Acid 


“Hydrofluoric Acid yay is the title of 
a new booklet containing one of the most complete 
compilations on the use of this chemical in con- 
densing, fluorinating and alkylation processes. 
Harshaw Chemical Co. 


504. Induction Heating 


Learn the many advant of applying Tocco 
induction heating for —— + brazing. soldering, 
annealing or forging operations. Send for free 
booklet now available. Ohio Crankshaft Co. 


505. Industrial Locations 


If you are planning to move, expand or decentral- 
ize, it will pay you to investigate the industrial 
advantages of Maine. Write for free booklet, 
“Industrial Maine”. Maine Development Com- 
mission. 


506. Laboratory Equipment 


Literature available on four new developments 
in laboratory equipment, including new To- 
— combustion boats. Laboratory Equipment 

orp. 


507. Machine Parts 


Iilustrated Nitralloy data booklet lists many 
advantages nitrided nitralloy for corrosion- 
7 surface-hardened machine parts. Niiral- 

orp. 


508. Machining 


Fundamentals of producing low-cost machine 
parts — design, material and treatment — are dis- 
cussed in new 110-page “Three Keys to Satisfac- 
tion”. Climax Molybdenum Co. 


509. Melting, Induction 


8-page illustrated article describes use of induc- 
tion melting in improved technique for rotor- 
casting. Ajax Engineering Corp. 


510. Microscopes 


Two new catalogs are now ready for mailing, 
M78 on metallurgical microscopes and M157 on 
stereoscopic microscopes. American Optical Co. 


511. Molybdenum 


“Molybdenum Wrought Steels” contains 54 
pages of interesting data on production of better 
steel through the use of molybdenum. Molybdenum 
Corp. of America. 


@ if mailed from countries outside the United States, proper 
amount of postage stamps must be affixed for returning card 


512. Nickel Alloys 


Improve structure and machinability of your 
gtay iron castings and reduce machining time, tool 
wear, rejections, by using small ladle additions of 
ro quae in new booklet. International 
Nic 0. 


513. Oil Quenching 


Catalog V-1146 gives detailed information on 
self-contained oil coolers, together with easy selec- 
tion tables. Bell & Gossett 


514. Ovens, Baking 


Bulletin 241 describes new industrial welding-rod 
ovens and r bakers for annealing, aging and 
tempering. Carl-Mayer Corp. 


515. Parts, Baskets 


Baskets designed for your individual needs in 
handling parts. All types of trays, fixtures, retorts, 
carburizing boxes described in catalog 16. Sien- 

‘orp. 


516. Pipe Corrosion 


Write for bulletins M-8800-B and M-8801-A 
to learn about the ease of ordering and installing 
Karbate impervious graphite pipe and fittings to 
avoid costly replacements from corrosion. Natsonel 
Carbon Co., Inc. 


517. Plating 

Smooth plating and advantages of Unichrome 
Copper are discussed in informative bulletin. 
United Chromium, Inc. 


518. Plating Generators 


For electroplating, anodizing, electrocleaning or 

electropolishing in either pry ie or small 

G set available 

Catalog MP-700 sent free on request. 
Electric Mfg. Co. 


operations, there's a Columbia 
for you. 
Columbia 


519. Polishing and Buffing 


The most economical way to chan; nge from slow, 

costly hand operation to automatic Packer-Matics 

is illustrated with actual time studies in bulletin 17. 
‘acker Machine Co. 


520. Presses 


Standard and special Type R and SR Manways 
—— flexible vessel design important to all 
users. Described in bulletin 4-82. Lenape Hydrau- 
hie Pressing & Forging Co. 


521. Presses, Hydraulic 


New 16-page bulletin No. 147 describes in com- 
ete detail the selection, operation and testing of 
ydraulic At. Lake Erie Engineering Corp. 
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522. Potentiometers 532. Spectrographic Source 
Dynalog instruments for control of tempera- Units 


ture, hum - y. pressure, 


bulletin 427. Foxboro Co. 


523. Sieemonee 


New radiation pyrometer for instant spot tem- 


flow, etc. Details in 


Precision control in spectrographic analysis to 
fit your specific requirements. Bulletin 300 
describes flexible, new spec-power units. National 
Spectrographic Laboratories, Inc. 


perature is described in catalog 100. Pyrometer 533. Steels Alloy 
Instrument Co. ’ 


524. Pyrometer 


Catalog 1101-) describes how the new multiple- 


For full information on alloy steels with excep- 
tional wear resistance and machinability. write for 
bulletin 91140. Timken Roller Bearing Co. 


point Celectray controls up to six furnaces with 


the accuracy of a single-point instrument. C. J. 534. Steels, Alloy 


Tagliabue Corp. 


New book now available on the selection of the 


on * proper alloy steel grades for each manufacturer's 
525. Radiant Heaters 


needs. Write for free copy of “Wheelock, Lovejoy 


Description of the operation of all-metal Chroma- Data Book". Wheelock, Lovejoy & Co. 
lox electric radiant heaters is given in fully illus- P ~ 
trated set of booklets. Edwin L. Wiegand Co. 535. Steels, Alloy 


526. Refractories 


Hardenability charts now available for many 
standard alloy-steel grades will help you to order 


New 15-page bulletin 202 just off the press steels with the proper hardness qualities. Bethle- 


discusses properties and 


applications of Taylor hem Steel Co. 
zircon special retractories. 
mended for constructing 


These are recom- 


aluminum open-hearth 536. Steels, Low Alloy 


melting furnaces, and crucibles for melting and = 
refining platinum and similar alloys. Chas. Taylor You can have one-third more production through 


Sons Co. 


527. Safety Tools 


Bulletin 119, newly revised edition on safety 
hand tools, is conveniently 
designed for ready reference. 


528. Salt Baths 


the use of Hi-Steel, which has nearly twice the 
working strength of ordinary steels plus the ability 
to stand up under impact loads. Send for free 
booklet. Jnland Steel Co. 


and attractively yd . 
Ampco Metal, Inc. 537. Steel Sheets 
Characteristic properties of US electrical steel 
sheets are shown in curve and tabular form in 


. new, 180-page illustr ee! al No. 3. 
Technical data sheets now available on Aerocarb Saeae pag strated engineering manual 
- gie-llismois Steel Corp. 
and Aerocase for liquid carburizing. and Aeroheat 


for salt-bath hardening of alloy steels. American 


Cyanamid Co. 


529. Salts 


538. Steels, Stainless 


Weekly lists with analyses of all plates in stock 
will keep you regularly informed on latest data. 


New manual contains more than 70 pages of G. O. Carlson, Inc. 
material on heat treatment with molten salt baths. ~ . 
Fully illustrated. E. 1. duPont de Nemours& Co. 939. Strain Analyzer 


530. Saws 


Complete blade service 
described in Marvel Saw 


strong-Blum Mfg. Co. 


The Brush single-channel oscillograph with 
carrier amplifier, Model BL-310, is designed for 


for metal sawing is use with wire strain gages or other resistance 
Blade catalog. Arm- elements. Write for detailed information. Brush 


Development Co. 


531. Specimen Polishing 540. Surface Tester 


A copy of the new Metallurgical Catalog 860 Q GEC-311 
will help solve your particular metallurgical prob- 
lems and provide information on accessories 
needed. Precision Scientific Co. 


scales provide 24 sample surfaces 
divided into ten degrees of surface roughness for 
quick calculations of finishes needed on machined 
parts. General Electric Co. 


e If mailed from countries outside the United States, proper 
amount of postage stamps must be affixed for returning card 
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Please have literature circled at the left sent to me. 
Name Title _ 
Company 

Products Manufactured 

Address 

City and State_ 


Postcard must be mailed prior to October 1, 1949— 
Students should write direct to manufacturers. 


541. Tempilstiks 


“Basic Guide to Ferrous Metallurgy”, a plastic- 
laminated wall chart in color, is furnished on 
request. Claud S. Gordon Co. 


542. Testing 


Bulletin 30 describes the dependable qualities of 
the universal testing machine for predetermining 
physical properties of metals. Tinius Olsen Testing 
Machine Co. 


543. Testing 


Simple, accurate, 34-inch-high machine provides 
speedy testing of tensile strengths up to 20,000 
pounds. Literature available. Detroit Testing 
Machine Co. 


544. Testing Equipment 


Bulletin 261-A contains a long list of supple- 
mentary devices for adapting basic machines to 
widest possible variety of testing situations. 
Baldwin Locomotive Works. 


545. Thermocouples 


A new 34-page catalog, Reference H, will fur- 
nish complete data on thermocouples, quick- 
coupling connectors, thermocouple wire, lead wire, 
protection tubes, etc. Thermo Electric Co. 


546. Thermocouples 


Catalog 59-R tells compiete story on use of 
Chromel-Alumel couples and extension leads. 
Hoskins Mfg. Co. 


547. Tool Steels 


Attractive new booklet gives details and uses, 
composition and heat treatment of carbon and 
carbon-vanadium tool steels. Vanadium-Alloys 
Steel Co. 


548. Tool Steels 


Write for new 176-page handbook, “The Tool 
Steels of Allegheny-Ludlum", covering all the 
leading types and grades of tool steels. Allegheny 
Ludium Steel Corp. 


549. Tools, Carbide 


New 190-page manual, three years in prepara- 
tion, furnishes attractively illustrated and con- 
veniently indexed data on all types of tool engi- 
neering problems. Carboloy, Inc. 


550. Tubes, Bars, Steel 


New stock list now available on 52100 tubing 
and bars includes specifications on forgings, chrome 
steel bars and chrome steel tubing. Peterson 
Steels, Inc. 


551. Tubes, Steel 


New catalog now available on stainless and 
carbon steel tubes cast in 16’ lengths. American 
Cast Iron Pipe Co. 


552. Tubing, Seamless 


Special stock list now available on cold drawn 
seamless steel tubing, along with location of 
warehouses. Edgar T. Ward's Sons Co. 


553. Vacuum Pump 


Engineering bulletin 10 describes the Cenco- 
Hypervac 25 —fast, high-vacuum pump for use 
with diffusion pumps without an intermediate 
booster. Central Scientific Co. 


554. Viscosity Measurement 


Viscosity measured continuously and auto- 
matically, if desired, in the pipe line, without 
withdrawal of fluid samples. Write for catalog 88 
describing this and many other uses of the Flow- 
rator meter. Fischer & Porter Co. 


555. Welding 


Announcing a new welding accessories catalog 
containing 15 pages illuscrated in two colors and 
covering both oxyacetylene and electric-arc weld- 
ing accessories. Air Reduction Sales Co. 


556. Welding, Alloys 

Unionmelt welding, a speedy, convenient way 
to join plain and super alloys. Fully outlined in 
booklet F-6077. Linde Air Products Co. 
557. Welding, Arc 

Descriptive data on M & T welding machines 
to be combined with select “70” electrodes for 
top-notch arc welding Metal & Thermit Corp. 
558. Welding Electrodes 

Correct methods for selection and use of welding 


electrodes fully outlined in new booklet. Cham- 
pion Rivet Co. 


559. X-Ray Unit 
Catalog SB 304/4 describes new X-Ray diffrac- 


tion unit, for foolproof operations in laboratory 
research. Jarrell-Ash Co 
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“Let's try 


Are there spots like this in your 
plant? Is corrosion causing repeated 
replacements of pipe line? If so, 
here's what “Karbate” Impervious 
Grap‘iite Pipe can offer: 

Resists the action of acids, alkalis 
and other chemicals 

Light weight with adequate 
strength 

Resistant to mechanical shock 

Immune to thermal shock 

Easy to machine and install 

Full range of sizes and fittings 
immediately available 


These products sold in Canede by Conodian 





Write for bulletins M-8800 B and M- 
8801A. Learn about ease of ordering 
and installing “Karbate” Impervious 
Graphite Pipe and Fittings. Write 
Dept. MP. — 


The term ‘Karbate” 
és a registered trade-mark of 


Unit of Union Carbide and Carbon Corporation 
a3 
30 East 42nd Street, New York 17, N.Y. 
Division Sales Offices 
Atlanta, Chicago, Dallas, Kansas City, 
New York, Pittsburgh, Sao Francisco 


Foreign Department: New York, U.S.A. 


Notional Cerbon Co, tid 


Torente 4, Conede 
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-..an exceptionally adaptable alloy steel 


HY-TEN “B” No. 2 alloy steel combines a high degree 
of strength, toughness, and fine wearing qualities with ex- 
ceptional free-cutting properties in the natural rolled condi- 
tion. Think of the economies afforded through the elimination 
of costs and delays of annealing. This adaptable alloy steel 
works cleanly and freely — prevents clogging in boring and 
deep hole drilling. While customarily used in the as-rolled 
condition, “B” No. 2 is often oil tempered with excellent 


results. 


HY-TEN “B” No. 2 is ideally suited to such applications 
as tool and die bodies, spindles, shafts, shanks, gears, pin- 
ions, racks, worms and lead and feed screws. 


WL steels are metallurgically constant. This guarantees 
uniformity of chemistry, grain size, hardenability — thus eli- 
minating costly changes in heat treating specifications. 


Write today for your FREE COPY of the 
Wheelock, Lovejoy Data Book. It contains com- 
plete technical information on grades, applica- 
tions, physical properties, tests, heat treating, etc. 





WHEELOCK, 
LOVEJO & C0., 


INC. 


134 Sidney St., Cambridge 39, Mass. 
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* 


Warehouse Serrice 


CAMBRIDGE - CLEVELAND 
CHICAGO + HILLSIDE,N.J. 
DETROIT - BUFFALO 
CINCINNATI 


In Canada 


SANDERSON-NEWBOULD, LTD., MONTREAL 
AJAX DISTRIBUTING CO., LTD., TORONTO 
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Are Welding 


(Cont. from p. 102) and nitrogen in 
liquid iron between the melting 
point and boiling point, (b) solu 
bility of oxygen and nitrogen in 
solid iron, particularly alpha, to 
gain some insight into the effects 
of these gases on the 
properties of 


mechanical 
and (c) the 
between carbon 
and oxygen dissolved in liquid iron. 

When iron reacts with oxygen 
at high temperatures, saturated 
solutions are obtained at 
pressures far below the 


welds, 


chemical reaction 


oxygen 
partial 
In the 
nitrogen, the 


pressure of this gas in air. 
consideration of 
reverse is shown to be true; at high 
temperatures the state of saturation 
for solid and liquid iron is reached 
only at pressures far above the par 
tial pressure of nitrogen in air. 
Extrapolation of Chipman and 
Fetter’s 
solubility of 1.2 
atures near boiling (about 2750" K.) 
Results 
on welding with bare wire of differ- 
ent diameters showed an oxygen 
content between 0.140 and 0.953. 
Higher oxygen and nitrogen 
tents were associated with the 
smaller diameter wire, probably be- 
droplets, 
would give higher temperatures and 
would present 
contact with the gases. 
From other experimental 
the author calculates a solubility of 
0.065 nitrogen at the boiling point 
with a nitrogen pressure of 0.8 atm 
Actual analyses show 
tents three to four times this. The 
explanation lies in the fact that 
much higher temperatures (6000° K 
at least) exist in the arc. At these 
temperatures the concentration of 
atomic nitrogen in the gas phase is 
already about 10° times that exist- 
ing at the boiling point of iron, and 
much greater nitrogen contents are 
As shown in the solubility 
108), much 
in cooling from 
liquid to solid and is one of the 
chief causes of porosity. 
Highly 
are obtained in 


curves gives a Maximum 


oxygen at temper- 


from Losana’s experiments 


con- 


cause of smaller which 


more surface for 


work 


nitrogen con 


possible. 
curve of Fig. 1 (page 


of this is released 


Porosity porous beads 
welding with bare 
electrodes. The accepted explanation 
for weld porosity has blamed car- 
bon monoxide formed in the re 
action between oxygen 

during welding and the 
present in the 


mental 


absorbed 

carbon 
electrode. Experi- 
work in the welding of 
carbon-free iron plate with carbon- 
free bare showed 


wire practically 


the same amount (Cont. on p, 108) 








SPECIMEN 
MOUNT PRESS 


No. 1315 


This new, improved model is designed 
specifically for the rapid precision molding 
of specimen mounts, either in bakelite or 
transparent plastic. The simple, rugged con- 
struction, without concealed working parts, 
offers maximum accessibility and conven- 
ience for the operator. This accessibility 
combined with the smooth performance of 
this press, permits speed and accuracy in 
molding specimen mounts. 

Molding tools are lapped finished for 
close tolerance with a perfect fit. The fast 
working solid heater can be raised and the 
cooling blocks swung into position without 
releasing pressure on the mold. This rapid 
cooling permits removal of transoptic 
mounts in a few minutes. Heater and cool- 
ing blocks need not be removed from the 
press thus eliminating the possibility of 
accidental burns in handling these parts. 


This model press will develop pressure up 
to 10,000 Ibs. 





THE BUEHLER line of specimen preparation equipment includes... . 
CUT OFF MACHINES ¢ SPECIMEN MOUNT PRESSES @ POWFR GPINDFRS © EMERY PAPER GRINDFRS * 
HAND GRINDERS ¢ BELT SURFACERS ® POLISHERS ® POLISHING CLOTHS © POLISHING ABRASIVES 


METALLURGICAL APPARATUS SD 


Fee 165 West Wecker Drive, Chicago 1, Illinois 
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Aare WALDRNG 


ACCESSORIES TO 
THE PERFECT WELD 


SPEEDIER WELDING 





More and more fabricators—sold on the smooth per- 
formance of M & T’s “SELECT 70"* group of arc welding 
electrodes and the M & T new, up-to-the-minute AC and DC 
arc welders—ore specifying M & T accessories for all-around 
assurance of top-notch welding. 

Accessories such as top quality holders, shields, connectors, 
cleaning tools and protective clothing boost speed, safety 
and savings on all arc welding, whatever the job. 

All the essential accessories to the perfect weld are provided 
in the Metal & Thermit line of welding equipment...M & T 
branded—symbol! of superior welding! 


Write for catalog! 


*Seventy selected electrodes designed by Metal & Thermit to cover every 
orc welding requirement at peck performance 


METAL 2 THERMIT CORPORATION 


120 Broodwoy * New York 5,N. ¥, 
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Are Welding 


(From p. 106) of porosity found 
in welding 0.1) carbon material. 
Obviously the release of dissolved 
nitrogen is a further cause of 
porosity. 

Impact strength of welds made 
with bare wire is very low because 
of porosity and high oxygen and 
nitrogen contents. Welds made with 
modern coated electrodes have 





Percentage Nitrogen 


! 
1200 1600 
Temperature, °C 











hig. 1—Solubility of Nitrogen in 


Iron at 1 Atm. Nitrogen Pressure. 


much lower gas contents, although 
0.005 to O.033°° nitrogen and 0.03 
to O12 oxygen are encountered, 
depending on the type of rod. Since 
both oxvgen and nitrogen contents 
vary in the same direction, it) is 
impossible to study their separate 
effects on the impact strength of 
welds. By high-frequency melting 
under argon and adding known 
amounts of oxygen or nitrogen, it 
was found that up to 0.033 nitro- 
gen (the maximum found in depos 
its from modern coated clectrodes) 
does not affect the impact value 
The addition of 0.12 oxygen is 
accompanied by a gradual lowering 
of impact strength. It is: indicated 
that the great influence of oxveen 
on the impact strength is caused by 
the oxide, which is partly contained 
along the grain boundaries 

Aging Strain aging and quench 
aging have been attributed to both 
oxygen and nitrogen. Experiments 
with steels containing oxvgen and 
nitrogen separately show that nitro 
wen is the cause The solubility 
curve of Fig. 1 indicates that it is 
probably a precipitation phenom- 
enon accelerated by slightly higher 
than normal temperatures or strain 
ing after rapid (Cont. on p. 110 

















The “CERTAIN CURTAIN” line 
of Ammonia Dissociators 


Aee is a dissociator using 


either liquid or vapor ammonia, providing dried 
and oxygen-free hydrogen atmosphere at about 
1/5 the cost of bottled hydrogen. For use with 
“Certain Curtain” LA, LAC, BA and BAC Furnaces 
for bright annealing, soldering, brazing, sinter- 
ing and many other applications such as bright 
hardening of stainless steels. 


PRICES AND FURTHER INFORMATION 
UPON REQUEST 











li the hewt of, Swencet 


METALLURGICAL 
MICROSCOPES 


—A HIGHLY EFFICIENT 
VERTICAL ILLUMINATOR 


AN ILLUMINATOR that is simple to operate, that is sturdy enough to 
take hard usage... that provides inereased brilliance and contrast — 
minus glare... that is always cool enough to handle. 


Pionecred by American Optical Company. the Spencer Vertical Hlumi- 
nator has a first surface mirror, and coated plano-glass reflector, con- 
veniently interchangeable. Additional features are field and aperture 
diaphragms. built-in light intensity control, and interchangeable filters. 
Spevscer Veraccorcicat Microscopes offer many other outstand- 
ing advantages: 


QUICK-CHANGE NOSEPIECE facilitates interchange 
of objectives 


COATED OPTICS eliminate reflections and provide 
added contrast 


WIDE RANGE STAGE adjusts to unusually large or 
small specimens 


LARGE RESEARCH-TYPE STAND has interchangeable 
body tubes 


FINE ADJUSTMENT is precise, enduring micrometer 
screw type 


POLARIZING FILTER AND CAP ANALYZER (acces- 
sories; enable the use of polarized light 


GROOVED BEARING SURFACES assure long wear 


ELEVEN STANDARD COMBINATIONS offer choice of 
stages, optics, illuminators, and body tubes 


bor further information write Dept. J 119 


American @ Optical 
COMPANY 
Scientific Instrument Division 
Buffalo 15, New York 


lanupacturons of the SPENCER Scientific Instruments 
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Are Welding 


(Cont. from p. 108) cooling from a 
temperature of greater nitrogen 
solubility. 

Useful effects of oxygen and 
nitrogen are twofold: first, bette: 
heat transmission as a result of dis- 
sociation of gases in the are (which 
requires high energy input) and 
subsequent recombination with high 
energy release at the electrode sur 
face; second, the action of oxygen 
on carbon to form carbon monoxide 
explosions which shoot the metal 
away from the electrode. Experi 
mentally, overhead welding was 
found to be impossible with bare 
wire containing no carbon. Drop 
lets formed but merely ran down 
the electrode. Other investigators 
have reported that when welding 
with bare electrodes in helium 
argon or nitrogen, there is no ar« 
blow, no crater, and little penetra 
tion. A few per cent of oxygen added 
to the inert gas gave the normal 
welding crater and penetration 


Welding-Rod 
Coatings 


N the welding of steel with bare 
wire it was shown (see preceding 
abstract) that the propelling force 
across the are was the reaction 
forming carbon monoxide; without 
this reaction, overhead welding is 
impossible. The author shows expet 
imentally that the gases contained 
in the alkaline earth carbonates 
provide the motive force for metal 
transfer in welding with coated 
electrodes After being heated to 
drive off chemically bound H.O and 
CO,, an electrode normally suited 
for overhead welding becomes com 
pletely useless because no metal is 
transferred to the work piece. 
With high iron oxide coatings 
CO porosity is a problem Phe 
author shows that at high temper 
atures oxygen can be picked up 
from pure SiO, slag. This slag is 
also permeable to oxygen and nitro 
gen; however, because of the short 
reaction time, equilibrium condi 
tions are not achieved in the slag 
or in the slag-covered metal puddle 
Requirements to be met by coat 
(Continued on page 112) 


*Abstracted from “The Function 
of the Coating of Welding Rods”, by 
J. D. Fast, Philips Technical Revieu 
Vol. 10, 1948, p. 114-122 





CUT YOUR ANNEALING CYCL 


wits 


THE PRESSED STEEL CO. Light-Weight 


CONTAINERS and COVERS 


Pictured at top are rectangular and round annealing covers 


in a steel mill. Immediately above are several of the many 


types of containers which the Pressed Steel Co. furnishes for 


every annealing purpose 


By cutting 2 3 off the weight of annealing equip- 
ment, The Pressed Steel Co. units have, in some 
plants, shortened annealing cycles as much as five 
hours. And, because of their light weight, they also 
save substantially in handling time. Records of some 


installations show total savings of thousands of hours. 











Weigh UP TO 213 LESS. 


Saue Time and Duel. 


Because the Pressed Steel Co. light-weight an- 
nealing units attain pot heat in less time there is 
a real saving in fuel. A recent study showed a $40 
fuel saving per anneal. Other savings: service life 
of 2 to 7 times that of cast boxes; made of light 
gauge welded sheet alloy, they are less bulky than 
cast boxes and, in cases, have doubled furnace capacity 


‘Pressed Steel’’ light-weight sheet alloy heat- 
treating units are furnished in any size, design or 
metal specification: boxes, covers, baskets, racks, 
tubes, retorts, etc. As pioneers of welded alloy 
heat-treating equipment, we offer you a wealth of 
experienced engineering assistance 


Send 


blue prints or write as to your needs. 


and production know-how. 


THE PRESSED STEEL COMPANY 


of WILKES-BARRE, 


PENNSYLVANIA 


Industrial Equipment of Heat and Corrosion Resistant WEIGHT-SAVING Sheet Alloys 


OFFICES 


IN PRINCIPAL CITIES 
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View From 
Charge End 


Unleading 
Annealed 
Stock 


ANNOUNCES 
CONTINUOUS ATMOSPHERE FURNACE 
FOR BRIGHT ANNEALING OF COPPER 


TYPICAL of Holcroft trail-blazing in furnace engineering, this high- 
production gas-atmosphere unit handles bright annealing of wire, 
strip and bar stock of copper and non-ferrous copper alloys. Note these 
special features: 


Except for loading and unloading, operation is fully automatic 
Coiled stock is loaded on trays as shown. Bar stock can be annealed 
simultaneously in bank of six tubes at top of furnace. Production is 
4000 lbs. per hour 


Special Holcroft gas generator under automatic control provides 
inert protective atmosphere surrounding work in process. Gas is free 
of sulfur and oxygen, with negligible hydrogen and CO content. 
Gas-tight furnace and vestibules plus automatic flushing further assures 
uncontaminated work. 


Heating is by Holcroft electric elements, quickly replaceable with- 
out shutting down furnace. Gas-fired radiant tubes can be used where 
more economical. Heating zone is held at any desired temperature 
from 500° to 1150° F. Annealing zone is water-cooled. 


These plus other Holcroft features assure maximum economy and 
quality of work, as proven by two years of continuous operation at 
Canada Wire and Cable Company. These same production advan- 
tages are found in Holcroft furnaces for EVERY heat treat 
requirement; for each Holcroft furnace is individually designed 
for its specific application and is backed by complete metal- 
lurgical and engineering service 


We cordially invite your inquiries. 


Mieco ry Pood . AT FREAT FURNACES FOR WiTtia 


ST cree ace 
6545 wwworte sivo. DETROIT 10, MICHIGAN 

CHIC AC 3 CANADA HOUSTON 1 

C._H MARTIN. & A ENGELHARDT WALKER METAL PRODUCTS. LTO RE MCARDLE 
1017 PEOPLES GAS BLOG WALKERVILLE. ONTARIO S724 WAVIGATION BLVD 
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Welding Rods 


(Continued from page 110) 
ings and slag are: (a/ proper melt 
ing range of the coating (1200 to 
00°C.) to give a cup of correct 
length, ¢b) coating constituents that 
will provide are re-ignition in a-« 
welding, (c/ proper gas evolution 
from the coating to give correct 
penetration, (d/) alloving action re 
quired from the coating when depos 
its richer in certain elements are 
desired, (e/ slag viscosity neither 
too high nor too low for metal 
protection, (// surface tension of 
the slag neither too high nor too 
low, for the same reason, (g/ expan 
sion coetlicient of the slag as dilfer- 
ent as possible from that of the 
metal, for easy removal, and (¢(h 
high welding speed and suitability 
for all positions of welding 

Four main types of  electrod 
coatings are described by the author 

1. High iron oxide slags which 
also contain quartz, natural. sili- 
cates, Manganese oxides, and some 
times titanium dioxide = (rutile) 
Calcium and magnesium carbonates 
promote electron emission and pro 
vide gas flow for metal transfer and 
penetration. Because of the high 
iron oxide content, oxidation and 
porosity of the weld metal are 
nearly as high as in bare welding 
although nitrogen content is low. 

2. Coating as above but with 
reducing agents such as ferroman 
ganese or ferrosilicon. (Ferrosilicon 
is not commonly used in this coun 
try.) Exothermie reactions between 
the oxides and reducing compounds 
increase welding speed and, if 
properly balanced, reduce oxygen 
and nitrogen contents to acceptable 
levels. The oxygen content is about 
0.120). (CA.W.S. classifications 6020 
and 6030 cover this type.) 

3. To further improve mechani 
cal properties, iron oxide is avoided 
entirely and oxides with high heats 
of formation such as CaQ are used 
Fluorite (CaF) is added as a flus 
ing agent. Water glass and reducing 
ferro-alloys are also added. Very 
low oxygen Cabout O.038°7) is) ob 
tained in the deposit. Are extinetion 
in a-c. Welding caused by the flu 
orite is a source of trouble and the 
Philips company markets a rod with 
a “shell-type™ coating,* which = is 
applied in two (Cont. on p. 11% 

*AW.S. 6015 (die.) and 6016 
(a.c.-d.c.) classificatior cover thi 
type, which is commonly known 
the ferritic electrode rhe low hydro 
ven content reduces underbead crack 
ing in welding high-tensile steels 
Common practice in th ntry 
add potassium salt 
stabilizatior 





He can SHOW as well as tell 
what he can do for you 


Because NORTHWEST products have a distinctive appear- 


removed . . . NORTHWEST men are thoroughly experi- 
ance, our men have always carried samples. Now they are 


enced in all phases of cleaning and surface preparation 
equipped with a case in which products in general use are 


carried together with equipment for their control. There are 
liquids and powders— some for use individually, others in 
combination to get the correct pH for the type of soil to be 


They make the correct recommendation as to which product 
or products to use--handle their installation and set up 
their control . . . Ask the NORTHWEST man to SHOW 
you as well as tell you what he can do for you 





WN control 
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Electrolytic . Teomeling iron > 
\mmersion inless Stee! F 
Ivent Sto Alloys ° 
So Speciol s 
Sproy sh i ea 
ter Wo Stee | 
Water t Booth) Aluminum” ood. 
(Por Ferrous potd Non 
Non-Fers 


. for 
lubes 
Forming 
Meta! 


Ico mo0o000 


NORTHWEST-CHEMICAL CO. 


9310 ROSELAWN AVE DETROIT 4, MICH 


32 
pioneers in pH cleaning control—serving you since 
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CONTINUOUS ROTARY HEAT TREATING FURNACES 


For clean hardening, annealing, 
etc., of many small parts. 


The self-metering feed hopper 


normalizing, carburizing, Ni-Carbing, 


arrangement permits the operator to 


pre-load a one-half hour charge of work which is then continuously and 
uniformly processed without further attention, thereby eliminating costly 


man-hours. 


If desired, a continuous feeding mechanism may be employed 


which completely eliminates the need for an operator 


Write for Bulletin §$01-4 today. 


AMERICAN GAS FURNACE CO. 


1002 LAFAYETTE ST. «+ 


ELIZABETH 4, N. J. 





FAST, ACCURATE, 
ECONOMICAL 


No. 4B Series 
MARVEL 
High Speed 
HACK SAWS 


Hi ee 
gh Speed 
For tool room, stockroom, or maintenance 
shop, this 6" x 6° capacity hack saw is 
ideal when you want speed, accuracy, and 
economical operation at lowest possible in- 
vestment. 

Embodies similar design principles and 
features of MARVEL heavier duty produc- 
tion saws. Its shaper-link action that pro- 
vides quick return stroke, and its heavy pres- 


~~ 


at Low Cost 


sure screw feed are two exclusive MARVEL 
features that provide FASTER cutting 
than can be obtained with any other metal 
saw in its price class 

Single speed, 2-speed, and 4-speed mod- 
els are available, to suit all types of appli- 
cations where materials of different hard- 
ness and alloy characteristics are to be cut. 


Cabinet base or open-leg base are optional 


ARMSTRONG-BLUM MFG. CO. 


“The Hack Saw People”’ 


5700 Bloomingdale Ave. 


Chicago 39, U.S.A. 
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Welding Rods 


(From p. 112) layers with fluorite 
on the outside to reduce. this 
difficulty. 

4. Coatings containing large 
quantities of organic matter in 
combination with the slag-forming 
ingredients of 1, 2 and 3. The 
oxygen content is between 0.03 and 
0.12%.* 

Also described is a method of 
incorporating iron powder in the 
coatings, which permits a more 
variable are length to be used. 

The nitrogen content of deposits 
from coated wires varies, Type 2 
deposits commonly 
0.03% and Type 
0.01%. 


running about 
3 deposits about 
Gas analyses of pulverized 
slag collected from these types and 
heated by high frequency under 
vacuum showed the Type 2 slag to 
contain 10% nitrogen by volume 
and the Type 3 slag 1% by volume. 
It was assumed that the higher 
nitrogen content of the Type 2 slag 
is related to the higher nitrogen 
content in the deposit. 


Ultrasonic 
Inspection! 


TPHE ABSORPTION of ultrasonic 

vibrations of 2x 10° to 10° cycles 
per sec. is greater in nonhomoge 
neous metals than in homogeneous 
metals. 


Coarse-grained = structures 


are more absorbent than fine 
grained structures. The amount of 
absorption depends on the = grain 
size, the grain orientation, and the 
wave length A of the vibration. If 
the grain size is equal to or greater 
than A, absorption is very great 
because of diffuse scattering. When 
a frequency of 18x 10° was used, the 
absorption of ultrasonic impulses by 
steel specimens was found to in- 
crease almost directly with increase 
in the average grain size. Specimens 
of markedly anisotropic Armco iron 
were found to absorb completely the 
ultrasonic perpendicular 
to the elongated grains while trans- 
mitting the impulses 
grains. At a 


impulses 


along the 
frequency, 
4x10°, the ultrasonic waves were 
transmitted in both directions. By 
means of the ultrasonic 
defectoscope, devised (To p. 116 


lower 


impulse 


*A.W.S. designations 6010 and 
6011 cover tis type. 

Abstracted from “Application of 
Ultrasonics in Engineering and Phys 
ics”, by S. Ya. Sokolov, Zavodskaya 
Laboratoriya, Vol. 14, 1948, p. 1528 
1335. (In Russian.) 





Polishing 


12-Unit 
Specimen Holder 


“Precisionite”™ 
“Precisionite” Polishing Powder 
Levigated Alumina 


results, but, results which can be 
duplicated! 
A copy of our Metallurgical Catalog 


_ — oe will provide you with information 
AUTOMATIC or hand polishing — which will be most helpful. Write for 
your copy today. 


... mounting. . . cutting-off specimens 
. all require the best in equipment 
and accessories. a 
Precision offers you a source of sup- Sold by leading 
ply and an engineering staff to help Laboratory Supply Dealers 
you in solving your particular 
Metallurgical problems. From cut-off 
wheels to grind-polishing powders, a 
constancy is maintained in order that 
you may not only get the best possible 








Please! A copy of your 
Metallurgico! Catalog No. 


vectston crentific Company 


Address 


City & State 


al (Title 
SCIENTIFIC RESEARCH & PRODUCTION CONTROL APPARATUS Individual (Tit 
3737 W. CORTLAND ST. . CHICAGO 47, ILLINOIS 
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Ultrasonic 


EFFICIENT wy Inspection 
PARTS q : ‘ (Cont. from p. 114) in the author's 
HAWN DLING : laboratory, it is possible to “see 


through” metal thicker than 10 


THROUGH --=- ‘ meters and to detect small defects 


In order to do this, it is necessary 


to match suitably the intensity and 
Oo LC wave length of the ultrasonis 
vibrations. 


o / The instrument has been 
fected over a period of 20) vears 
DOE / ") From 1927 to 1935 continuous ultra 
eo sonic vibrations were employed it 
AS ET Sr 





the instrument. The second stage 
of development was the use of 
From hairpins to harrows—no matter how small or how large—your problem of han- 
dling parts through heat-treating, quenching, pickling, washing, degreasing or bright 
dipping will be solved through Stanwood's correct design. Stanwood engineers, ca- 
pable, always ready to serve, will correctly design a basket most suitable for your sec. Later improvements permitted 
parts, assuring maximum production. the length of impulse to be reduced, 
until now O04) microsec. can be 


ultrasonic impulses in 1935, with 
impulses of the order of 10> micro 


Stanwood manufactures all types and sizes of trays, fixtures, retorts, carburizing ' ' 
boxes. Consult the Stanwood representative in your area today! Send for Catalog 16. 7 planes - This allows the detection 
of small defects (1 mm. in size) 
aiziNe BASKETS PixtURES TRAYS QUENCH TANKS acronts located in’ thick metal The third 


Stage in the development of the 
ultrasonic defectoscope consisted in 
undertaking to obtain a true mag 
nified picture of the defective places 
in a metal on the sereen of a 
cathode ray tube (ultrasonic micro 
4817 W. Cortland St. scope). The present equipment is 
an improvement of a method 
applied in the author's laboratory 
before the war. The separate quartz 





*Another First in our seavices. 


Electronic Induction 
Hardening. Flame receiving disk in a liquid medium is 


Flame Hardening ) Ce lag RE Benen 


Treating. Bar Stock 


at | akeside! Treating and straight- and receives the ultrasonic impulses 
4 . | 


ening (mill lengths reflected from the defect. The quartz 
and sizes). Anneal disk is mounted in a special cathode 
Stress Reliev 


Pioneers in flame hardening since 1930, . Normalizing. ray tube, and the piezo-electric 
Lakeside now introduces the on Pack, Gas or Liquid 
ment of its type in your area. . . the new, Carburizing.  Nitr re : 
Denver Universal Flame Hardener. Offers | ceait ng. Speed Missiding electron emission. After amplitica 
all four methods of flame hardening at their moti ogg Mi ad tion, these emission changes are 
best—vertical progressive, rotary progres- - tage 

: : r 3 n “ Sand Blasting. Ten- 
“ele, ey _ —- Features sile and Bend Tests ond cathode ray tube, where they 
electronic heat eye”, and comp ete system appear as the image of the defect 
of hydraulic and electronic precision con- 

trols for uniform hardness and case depth. SORTS The thickness of a hardened 
No scaling, no distortion! It’s here to serve Ae laver on a piece of steel can be 
you! Arrange to see this machine in 
operation .. . call for details. 


focus of an acoustical lens 


charges on it change the secondary 


transferred synchronously to a see 


determined by means of ultrasonic 
impulses As a result of a difference 
in acoustical stiffness between the 
hardened and unhardened regions 
of the steel, a portion of the inei 
te Approved Steel . dent impulse is” reflected at the 
Treating Equip- “< : interface between the hardened and 


mentby U.S. - . unhardened = steel The reflected 
Air Force—Serial 
Neo. DE-S-24-! } aie 
through 30. ube 

A further use of ultrasonic 


wave is recorded on a cathode ray 


Vibrations is in the investigation of 
chemical reactions. In general, the 
velocity of propagation vo and the 
coeflicient) of absorption a=ovary 


ontinuously as the reaction pro 

HE ; 
tT ceeds. Therefore, by measuring 
° either pvp or a the course of the 
a reaction can be followed Phe 


@& sare LaKesive AVE, CLEVELAND 14, OHIO HENDERSON 9100 advantages of this (Cont. on p, 118 
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MULTIPLE POINT 


..- Substantially cuts instrument costs 


CONVENIENCE and ECONOMY distinguish this mul- 
tiple control pyrometer ... pioneered by TAG in 
the interests of lower costs and better processing 
control. Because of its high sensitivity and quick 
action its closeness of control equals that of single 
point instruments at less cost per point. 

For installations involving from 3 to 6 furnaces— 
or for 3 to 6 zone furnaces—one Celectray will en- 
able you to effect worth-while economies right from 
the start. Ask your nearest TAG representative for 
full details or write for Catalog 1101-J. 


ome Pam \CTMP-N:10) more) ite): e Vile], mG, bape) 


591 Frelinghuysen Avenue, Newark 5, N. J 


>” 
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PROPER DESIGN~ 
still the most 
important ingredient 


Despite the great advances in 
the use of alloy steels, the shape 
and proportions of a part are 
still of more vital significance 
than its material. 

In an overall view, we should 
rate Design (1), the choice of 
the proper Steel (2), and its 
Treatment (3), in that order of 
importance. All are, of course, 
matters of great concern, but 
if the design is wrong then the 
proper choice of steel and its 
successful treatment serve no 
useful purpose. 


What is the metallurgical sig- 
nificance of poor design? It 
promotes unhealthy stress con- 
centrations and troublesome 
variations in the proportions 
of adjacent parts. 


To stress the relationship of 
good design to metallurgical 
and economic factors, we have 
prepared a book helpful to 
designers, showing by sketches 
a great many factors in good 
and poor design which influ- 
ence the behavior of a part in 
service. 


Climax Molybdenum Company 


500 Fifth Avenue 
New York City 





Please send your 


FREE BOOKLET 
KEYS TO SATISFACTION 


Position 


Company......... 








Ultrasonic 


Inspection 


(Cont. from p. 116) method are that 
reaction times from hours. down to 
microseconds can be studied, and 
that the medium can be gas, liquid 
or solid, transparent or opaque. 


ry . ‘ . 
Pesting Cermets 


pHs is the fourth in a series of 

papers on cermets; the first 
three concerning early 
equipment and reactions of metals 
and oxides were published in the 


papers 


March 1949 Journal of the American - 


Ceramic were ab- 


July 8, 


and 
Age for 


Society, 
stracted in J/ron 
1948. 

The continued work on these 
combinations of metal powders and 
oxides, such as chromium and alu 
mina, to obtain strong refractory 
products, resistant to thermal shock, 
requires that additional 
equipment be developed. Equip 
ment described in this paper 
includes: (a) a molybdenum-wound 
furnace for firing in inert atmos 
pheres to 3300° F., (b) a diamond 
wheel grinding machine, (« a 
description of the modifications in 
a previously tensile test 
machine, and (d) a telescopic type 


special 


described 


of thermal expansion apparatus. 

The furnace has a 6-in. diam 
Alundum tube with 86 ft. of 

0.080-in. molybdenum wire wrapped 


eter 


around it and spaced so that, with 
radiation shields at end, the 
temperature is within 5° F. 
the central 20 in. of length. 

In preparing tensile specimens 
a modified lathe is with a 
7-in. diamond grinding wheel to 
prepare the hydrostatically pressed 
rods, which are *% in. in diameter 
and 10 in. long. The 
necked down in the center on 
4+4-in. radius to give a ‘4-in. 
imum diameter. 

The tensile test machine 
viously described 
eylinders to load the specimen; 
however, this has been changed to 
utilize a cable-loaded lever 
The thermal expansion apparatus 
is of a well-known type built to 
hold bars 3% in. (Cont. on p, 120 


each 


ovel 


used 


rods are 
min 


as pre 


used pneumatic 


system. 


* Abstracted from “Equipment for 
Development and Testing of Cermet 
Solid Bodies”, by T. S. Shevlin and 
A. R. Blackburn. Paper presented 
at the 5lst annual convention of the 
American Ceramic Society, April 
1949, 
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Improve Surface Finishes 
increase Tool and Die Life 














What is Pangborn Hydro-Finish? 
It's the new, versatile impact 
blasting process that uses a fine 
mesh abrasive suspended in 
water, yet holds tolerances of 
the work to .0001 inches. 


What Hydro-Finish can do for you 
Pangborn Hydro-Finish can help 
you three ways, by improving 
finishes, by 
oxide scale, by lengthening tool 
and die life through proper 
maintenance 


Hydro-Finish 
tedious finishing operations, re 
duces cost and time involved in 
buffing. It improves fatigue life 
of metal parts it finishes 

produces a surface virtually free 
from directional grinding lines 


surtace removing 


eliminates many 


PANGBORNITE 
The best abra- 
sive forallliquid 
blasting needs 
Available in many mesh sizes 


Write today for details about the 
new Pangborn Hydro - Finish 
Cabinet or Pangbornite. Pane 
BORN CORPORATION, 1204 Pang 
born Blvd., Hagerstown, Md 
Look to Pangborn for all latest 
developments in Blast Cleaning 


und Dust Control Equipment 


Panqborn 


BLAST CLEANS CHEAPER 
with the right equipment 
for every job 





FORGING 
POWER 


for 

mass 
production 
of 


MASSIVE 
FORGINGS 





AJAX FORGING MACHINES, 
built on the basis of mechanical 
soundness, deliver at high produc- 
tion speed the tremendous power 
for heavy forging with accurate 
alignmentand minimum of deflection. 
These great, rigid, powerful 
machines, with air clutch that pro- 
vides instantaneous response to the 
operation of the treadle, put the pro- 
duction of massive forgings of complex 
form on the mass production basis. And 
the quality of the forgings, both from the 
standpoint of greater strength and greater 
uniformity, is maintained to a uniform 
high standard. 
Forgings such as these illustrated are 
being produced an AJAX Forging Ma- 
chines faster, better and at less cost for 
manufacturers of automobiles, ships, 
airplanes, trucks, tractors, diesels, 
ordnance, locomotives, agricultural 
machinery and other products. 


Write for Bulletin 65-C. 











MANUFACTURING COMPANY 


EUCLID BRANCH P.O. CLEVELAND 17, OHIO 


110 S$ DEARBORN ST DEWART BUILDING 
CHICAGO 3. ILLINOIS NEW LONDON. CONN 
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IMMEDIATE DELIVERY 


§2100 


STEEL TUBING and BARS 


PETERSON STEELS, INC. maintains the largest stock of 
high carbon-chrome (52100 type) steel, seamless tubing 
and round bars in the country. More than 200 sizes of 
tubes from .875” O.D. to 8.231” O.D. Bar stock from 
.171” round to 7.5” round. 


Ring forgings also supplied quickly — any analysis, any size. 
WRITE FOR CURRENT STOCK LIST 


Contains full information on all available sizes, finishes, 
etc. Write today, on your business letterhead, for your copy. 


PETERSON STEELS.INC. 


Dept. B, 420 Lexington Ave. «© NEW YORK 17, N.Y. 
Telephone: MUrray Hill 5-1560 


NEWARK, N. J. « DETROIT, MICH. e CHICAGO, ILL. 








MANWAY 

LENAPE “*#:! 
AND 

TYPE SR NOZZLES 


@ In ever increasing numbers, designers and users of process vessels 
in many fields—food, beverage, paint, pharmaceutical, oil, etc.—are 
turning to Lenape for preferred 
variations in standard manway 
necks and nozzles 
Construction employs standard 
Type R Necks or Nozzles with 
covers, hinge or davit, and tog- 
gle bolts 
Special bronze trim for marine 
se, babbit joint for spark proof 
service, view or somple ports, 
etc. are provided when specified 
Send for special Bulletin 4-82, 
price schedule M48B and pend- 


ing complete new catalog 9-49. Top Unit: Standard SR Neck with Quick 
port. Lower Unit: SR 


P frome nly 7 a4 s 
a hinge for flame barrier 


ed by purchoser 


LENAPE HYDRAULIC PRESSING & FORGING CO 
DEPT."109 WEST CHESTER, PA 
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Testing Cermets 


(From p. 118) long, lying hori 
zontally in a tube 1 in. in diameter 
and 25 in. long, heated by elee- 
trical resistance elements of the 
Silicon carbide type. The tube has 
two cross holes 4 in. apart for 
observing the sSpectinen through 


telescopes. 


Subzero Impact of 
Copper and Brass* 


\ $0-kg. Charpy impact machine 
wus used to test standard 
O7X1OX10-mm. specimens of cop 
per and brass at 253, 196, and 
20° C. (—423, —321 and +68° F.) 
Phe procedure for testing at 125 
F. was the following The speci 
nen was cooled in boiling nitrogen 
(—321° F.) and was then trans 
ferred to a flask of boiling hydro 
gen (—423° F.). The specimen was 
forced along a tube from the 
hydrogen flask to a special fixture 
on the impact machine that lined 
up the notch to within 0.1) mm. 
Phe pendulum was automatically 
released, and the test was com 
pleted within 0.5) sec after the 
specimen had been taken from the 
hydrogen bath. However, even dur 
ing this short time the specimens 
began to decrease in’ temperature 
unless they were coated with flan 
nel to slow down evaporation from 
their surfaces. Bare specimens 
could) be used in the tests at 
321° F. 

The average values of impact 
strength in kg. per sq.em. at $23 
Fr. were 

Copper 21.6 
Brass (LS-50) 4.1) 
Brass (LS-62) 16.2 

Phe value for copper was 
Slightly higher than that obtained 
at OS’ F.. 17.9, and the values for 
thre brasses were slightly lower, 
Phis temperature variation of the 
impact strength parallels the varia 
tion of duetility in static tests 
There was practically no change 
in the character of the fractures 
betwee! +68 and 123° F 

*Abstracted from “Impact 
Strength of Metals at 253° C.”. 
V. I. Kostenetz, B. G. Lazarev, V. I. 
Khotkevich and M. G. Shikhman, 
Zhurnal Teknicheskoi I ki, Vol. 18, 
1948, p. 1149-1155. (In Russian.) 

In a | 
tion of LS-59 was given as 59° Cu, 
9.907 Zn, 1 Pb. LS-62 probably 
contains abo ; Cu, 37 Zn, 
1 Pt 


revious paper the compos! 
9 5 ; 
l 





MANUFA CTURING TERNES 


WEIRZIN ELECTROLYTIC ZINC-CoArTED 


SHEETS AND SrRip 


WEIRTON HIGH-CARBON STRIP 


COLD-ROLLED SPRING STEEL 


WEIRALEAD ‘£42 Attoy COATED SHEETS 


AND LONG TERNE SHEETS 


WEIRCOLOY GALVANIZED SHEETS 


HIGH -TENSILE 
N-A-% LOW-ALLOY STEELS 


« « PING 
** 
Srructurals * = \es 
Tie Plates * + Angi 
° : 


, 4 Strip 
4 and Coated — Cold-Rolled Sheets Of 


Lacquere 


Rolled Sheets and Strip 
Hot- : 


cos 
WEIRTON STEEL Co. Cy 


WEIRTON, W. VA. sales « ices in P 
Division of NATIONAL STEEL CORPORATION Executive 


vincipal Cities 


Offices, Pittsburgh, Pa 








For research ... for production .. . 


TEMPERATURES 7WI/CE THE / 
MELTING POINT OF STEEL 


Industry Uses These Temperatures Today 
— Norton-Developed Refractories 


EMPERATURES as high as 4300° F. for sintering cor- 

bides . - - up to 4700° F. in the manufacture of 
acetylene . - - even up to 5500° F. in certain research 
projects - - - that's the trend in industry today toward 
higher and higher temperatures. 


High temperatures call for special refractories in which 
Norton Company has been pioneering for 36 years. Asin 
many industries, metalworking plants also are turning fo 
Norton for special refractories to handle today’s super 
temperatures. Outstanding in high temperature operations 
are Norton's pure oxide refractories of thoria, zirconia, fused 
magnesia (MAGNORITE*) and fused alumina (ALUNDUM*). 


In addition to handling super temperatures in metalworking 
plants, Norton refractories are handling heat for many 
industries—chemical; ceramic; power and gas generating. 


*Trode-mark reg. U- S. Pat. Off. 


ats sis, 
Zag 
oS : 7 


=~ 


The main Worcester plant of Norton Company 
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Returning from vacation 
vou ll be thinking about 


economies 


Do vou buy heat and cor 
rosion resistant alloy 

ings on the basis of the 

actual cost their cost 


per heat hours of service? 


There are many misfits 
in the allov business, cast 
ings designed by foundry 
men and not heat treating 
engineers, guvs making 
illov to steel foundry prac 
tice and buvers who keep 
Phe 

he man 

il meet 

tition with 

wea ( é equipment 


G.A. is selli: the best 


oduc t we 


General Alloys Co. 


Oldest and Largest Exclusive Mfrs. of 
Heat and Corrosion Resistant Alloys 


Boston, Mass. U.S.A. 





Your mind, Friend Reader, if you do read 
ads in July, is probably wandering off to the 
beaches, lakes or the mountains. Picture 
vourself in any of the poses below and forget 
about alloys. We wish you and your familys 
1 pleasant vacation and we hope you w 

spend it in New England. But, of course 
we're prejudiced. We spent ours in California 


unnecessary ~wastekul ~costly ~ 





The Mew 
XAC]LINE 


STRAIGHT LINE 
TEMPERATURE CONTROL 


Anticipates 
Temperature Change 
Eliminates Overshoot 

and Undershoot 


Now with XACT- 

LINE Straight Line 

Temperature Con- 

trol you can in- 

crease the effi- 

ciency of your Pyrometer 

Control Instruments (either 

Millivoltmeter or Potentiometer Type) to an 
omazing degree. Now you can hold toler- 
ances as close as 1/5°F. plus or minus and 
power ‘on-off’ cycles as low as 3 seconds. 

For XACTLINE, operating in the thermo- 
couple circuit, ANTICIPATES the most minute 
heat variations on both heating and cooling 
cycles, thereby enabling your pyrometer con- 
troller to control far more closely than other- 
wise possible. 

This Anticipation Factor means that XACT- 
LINE couses the conventional pyrometer con- 
troller to respond to a millivoltage impulse 
up to 90% less than that normally required, 
(the controlling pyrometer functions only when 
the desired temperature range hos already 
been exceeded). 

XACTLINE is laboratory tested and adjusted 

. . » does not require read- 
justment or coordination with 
other controllers. 
NO gears, cams, shafts, 
bearings or other rotating or 
sliding parts. Simple design 
eliminates usucl mainte- 
nance and repair. 





a 
Pyrometer Only 


Xactline in Circuit 
PRECISE CONTROL FOR... .Tempering-Draw- 
ing ...'so-Thermal Quenching... Al and Mg 


Treatment...Accurate Heat Treating... Sinter- 
ing ... Metallic Baths ... Plastic Molding... 


and other operations ... Price 
complete FO. B. Factory... $7950 
Write for the new KACTLINE data folder today! 
re ee 2 tt a 
Hele}-i ye) k 
>< SERVICE:>% 
CLAUD S. GORDON CO. 


Specialists for 33 Years in the Heat Treating 
and Temperature Control Field 
Dept.15 © 3000 South Wallace St., Chicage 16, {i!. 
Dept.15 + 1016 Euclid Avenue © Cleveland 3. Ohio 





Effect of 
. * 


’ 
“<r a 
Forging 


SOME surprising test results were 

obtained on the effect of pres- 
sure without plastic flow on cast 
steel ingots. The authors found 
that the ductility of pieces cut 
from as-cast ingots was definitely 
improved by subjecting them to 
high pressures at forging tempera- 
tures, even though the pieces were 
contained so that there was no plas- 
tic flow. The pressures were pro- 


& 


duced by hammering in a closed 
die mounted in a 5000-lb. steam 
drop hammer. The temperature of 
the pieces at the time of hammer- 
ing was about 2200° F. 

To make accurate comparisons 
the authors cut pieces from an ingot 
and compared the properties of 
these pieces with those obtained 
from pieces cut from the same ingot 
after it had been “pressurized”. In 
addition, they hot forged other sec- 
tions of the ingot using open dies 
so that the section was reduced 
80° and, in some specimens, 92° 
and made test pieces from these. 
Before being tested for mechanical 
properties, all these pieces were 
normalized at 1625° F. and air 
cooled, then reheated to 1525° F. 
and quenched in oil, and_ finally 
tempered at 1000° F. to a hardness 
of 363 to 388 Brinell. All the 
pieces were either forged or com- 
pressed in the temperature range 
of 2175 to 2230°F. The ingot was 
made of S.A.E. 4340 steel. The 
tensile properties obtained from 
the tests are listed in the table on 

As may be seen by examination 
of this table, the pressurizing of the 
cast metal and also the closed-die 
forging of the rolled metal resulted 
in improved elongation and reduc- 
tion of area, particularly in the 
transverse tests. 

The authors point out that hot 
working an ingot, either by forg 

r rolling, has the object not 
only of producing a desired shape 
but also of altering the structure, 
breaking up segregates and welding 
cavities or voids. They believe that 
in closed-die forging the metal flows 
in a fashion affected by its internal 
resistance to deformation and the 
fractional relationship of steel and 
die surfaces. 

(Continued on page 12%) 


*Abstracted from “How Forging 
Acts to Enhance Metal Properties”, 
by E. O. Dixon and E. J. Foley, Trans- 
actions, American Society of Mechani- 


cal Engineers, Vol. 71, 1949, p. 147-152. 
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FOR GREATER 
HARDNESS TESTER 
ACCURACY... 


SPECIFY CLARK 
STEEL BALL 
PENETRATORS 


$5.00 Each 
F.O.B. Detroit 


Se 


For dependably accurate 
hardness testing, every 
part of your testing 
equipment must be de- 
signed by experts. CLARK 
Hardened Steel Ball 
Penetrators are designed 
to give the most accurate 
possible results in the 
testing of soft metals such 
as unhardened steel, cast 
iron, brass, bronze, and 
similar metals and alloys. 
They are available in 
1/16” and 14’ diameters 
at $5.00, and in 14", 4", 
¥%,'’ and 1” diameters at 
slightly higher prices. 
Specify ctarK Steel Ball 
Penetrators for more accu- 
rate “Rockwell” testing. 


INSTRUMENT, INC. 


10200 Ford Road « Dearborn, Michigan 





Contrifugally, Cast 
ACIPCO STAINLESS STEEL 


TUBES AND PARTS 


25% Chrome — 20% Nickel Stainless Steel Aviation Gas Turbine Parts 
machined from centrifugally cast tubes produced in standard 16 ft. lengths. 


Sceinless and carbon steel tubes can be furnished with outside 
diameters from 31/2” to 50” with varying wall thicknesses from °4” to 4”. 
All tubes cast in standard 16’ lengths. Electric furnace steel, complete 


laboratories, testing and fabricating facilities. Inquiries invited. 


Write for new Catalog 


AMERICAN CAST IRON PIPE COMPANY 
BIRMINGHAM 2, ALABAMA 
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Effect of 


Forging 


(Continued from page 122) 


If the steel fills the die impres- 


by merely applying pressure at high 


temperature opens up inter- 
particularly of 
closed-die forging billet material of 
large cross section with less plastic 


work from the ingot stage. 


some 
esting possibilities, 


This is 
of decided importance in view of 


the great demand for steel forgings 


investigation is needed to show the 
effect of higher pressures, tested by 
using 
Phey also state that they are 
ing the fatigue limit of 
material, 


hammers of greater rating. 
study- 


pressurized 


To many metallurgical engineers 
in the automotive field, fatigue limit 


metal flow 
increases and a condition approach- 


sion, resistance to produced by the largest drop is of prime importance because the 
great majority of failures are the 

The authors present the work of result of fatigue stressing 
Aitchison and Johnson showing the a question 
inprovement in 
result of hot 
approximately S.A.E. 1035 
sition. The data presented 
and an inerease in fatigue limit of much desired, and we shall 
about 200, as compared with those fore look forward with great 
obtained with the same steel in the est to the work which and 
as-cast condition. Foley have set themselves to 

rhe authors indicate that further accomplish. W. 


hammers, 
ing complete restraint to metal flow 
is developed. Excess metal is forced 
flash, cooling quickly and 
increasing the resistance to further 
flow. This restraint to metal flow 
requires increased power to 
form the finishing operation 
the increased pressure so produced 
is advantageous in improving the 
properties of the metal. 

The improvement of 


Phere is 
whether higher values 
of percentage elongation and redue- 
tion of area can be utilized to ad 
vantage. But there is no question 
that higher fatigue limits are 


out as fatigue limit as a 


working a steel of 
comMmpo- 
per- show very 
there- 
inter- 
Dixon 


properties k. Jominy 


Results of Tensile Tests on Open-Die and Closed-Die Forgings 





REDUCTION LONGITUDINAL 
IN CROSS 


SECTION 


TRANSVERSE 
METHOD OF 
FORGING TENSILE 


STRENGTH 


0.2% 


ELONGATION REDUCTION 
YIELD , 


IN 2 IN OF AREA 


TENSILE 0.2° 
STRENGTH YIELD 


ELONGATION 
IN 2 1N 


REDUCTION 
OF AREA 


As-cast ingot 
Closed die, 

0 upset 
Open die 
Open die 
Closed die, 

20°; upset 


173,200 psi. 160,000 psi 6% 146 169,700 psi. 153,000 psi 8% 


172,500 
184,000 
180,000 


160,000 
170,000 
170,000 


181,000 1 
181,000 1 
181,500 1 


500 


67,500 14 
‘ 
75,500 9 


175,700 161,500 173,500 163.000 10 














The Accurate Way to Measure Here’s the answer toa LOW COST 


CARBURIZING COMPOUND 
CLEANING MACHINE 


(by obeanes 


THE MOST SIMPLE, COMPACT, LOWEST PRICED, 
IMPROVED AUTOMATIC MACHINE AVAILABLE 
FOR ITS PURPOSE 
ON THE MARKET 





Temperatures 





--- at a glance? 














THE SIMPLIFIED 


PYRO OPTICAL 


PYROMETER 


SELF-CONTAINED—No correc- 
tion charts, no accessories, no up- 
keep. Direct reading. 
ACCURATE—New_ concentrated 
testmark plus easy operation per- 
mits unusually close and rapid 
temperature determination—even 
on minute spots, fast-moving 
objects and smallest streans 
“Special Foundry Type” and 
“Triple Range” also have RED 
Correction Scale to determine true 
spout and pouring temperatures 
of molten iron and steel when 
measured in the open. 
LIGHT IN WEIGHT—Only 3 lbs 
AVAILABLE IN 5 RANGES—1400 
to 7500° F. 
PROVED IN 
swear by it 
Send for FREE Catalog No. 80 
Also catalogs on PYRO Radiation ae 
Surface & Immersion Pyrometers 


The Pyrometer Instrument Co. 


New Plant and Laboratory 
Bergenfield 8, New Jersey 


Special conveyor lifts 
carburizer com- 
pound from hopper 
to screening drum 
where spiral vanes 
move material over 
23% feet of screen- 
ing surface 


USE—Thousands 





U Write for Literature 
2 THURNER ENGINEERING CO. 


809 W. NATIONAL AVENUE MILWAUKEE, WISCONSIN 





See our Exhibit at Booth No. 618 —1.8. 1. Convention 
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IRCONIA 
(ZrO>2) 


COMPOSITION (Crystal Modification) 
Monoclinic, tetragonal, cubic, trigonal 


PHYSICAL AND THERMAL PROPERTIES 
Melting point 2675° + 20° 
Molecular volume 21.50 
Heat of formation 264K cals/mol 
Specific Gravity 5.5-6.0 
Index of refraction 2.13-2.21+ 
Moh’s hardness 65 
Mean specific heat (20°-1000°C) 0.16 
Thermal conductivity . app. 0.0089 cal/cm?/cm/°C/sec. 
Thermal expansion (mean reversible 
20°-1000°) .. +, 6.6x10-6/7°C 
Coeff. of expansion (fused zirconia) . . . . 0.00000084 
Compressive strength. ... 20°C ..... 298,680 psi 
500°C .... 237,570 psi 
1000°C .... 170,680 psi 
1500°C.... +. 2,840 psi 


ELECTRICAL PROPERTIES : 
Resistivity ohm-cm ot. . . . ad 2.1x10° 
2.3x10* 
. 1.2x103 ofim/cm? 


Because of these properties, ZrO? is 
used to advantage in high temper- 
ature cements and ramming mixes 
and in precision casting mold fac- 
ings. Vorious other TAM Zirconium 
Oxides such as Opox, Hy Opox 
Treopox, Treopax $ and Z, Zirox B 
and C.P. Zirconium Oxide are uti- 
lized in large quantities as opacifiers 
of ceramic glazes, as mill addition 
opacifiers for porcelain enamels and 
as optical glass and marble polish- 
TT 


Zirconia is a basic material from 
which Zirconium metal is produced 
When reacted with Strontium, Ba- 
rium or Calcium Oxide, the result- 
ing compound finds application in 
high dielectric ceramic formula 


TAM Field Engineers, located at cen- 
tral points, and our well staffed and 
equipped laboratory is always ready 
to cooperate with you on all types 
of ceramic problems 


TITANIUM ALLOY MFG. DIVISION 


NATIONAL LEAD COMPANY 


Executive and Sales Offices: 111] BROADWAY, NEW YORK,N.Y.. © General Offices and Works: NIAGARA FALLS, N 
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FACTS WORTH NOTING 


T 





Mosaic Structure” most promising. But the dispersions fections” in crystals, but no rational 
1 S< N 


in question were of the order of a theory of their size and = shape 
few seconds of are and the old could be established. 
TT’ HE term “mosaic structure” was method would not permit the Really valid results were ob- 
coined by Professor Ewald in measurement of dispersions less tained only with microscopy; the 
1917. Fhe phenomena which led to than 10 min. Guinier and Tennevin authors mention veining, polygonal 
it consisted in large discrepancies improved the technique until angles shadows crossing grain boundaries, 
between the intensities of X-ray of 15 sec. could be measured. The differences in corrosion figures 
reflections as calculated and = as introduction of the double = spec- within the individual grains, and 
observed. The observation was trometer made it possible to note so on. Apparently the most striking 
made first by Darwin and Moseley dispersions of 1 sec. It was found, results were obtained in the study 
in 1913 and 1914. however, that a total dispersion of of the growth of metals from 
The idea of “blocks” of which 20 sec. without sharp breaks cov- vapors, undisturbed melts and by 
the metallic grain consists was ered volume elements of more than electrolysis. In all such solids the 
accepted without much resistance 1 mm. in diameter. This permitted crystals were found to be built up 
long before their actual existence the postulation of subgrains at of platelets about one micron thick 
could) be proved. An_ extensive least 10 or even 100 microns across, In worked and annealed metals the 
study of the question began only in in aluminum as well as in diamond disturbances are too great to permit 
the last 15 years. erystals. Last year Guinier and observation of such platelets. 
Three avenues of approach Lacombe offered the idea of poly- The problem of mosaic crystals 
existed: (a) the continuation and gonic suberystals in cold worked is still far from a clear presentation, 
perfection of X-ray methods, (Db metals, to say nothing of a satisfactory 
micrography, and (c) mechanical German scientists (Kochendoer- solution. It should be studied far 
and physical properties. fer and Zehender) used the method more diligently, for the yield and 
Assuming that the mosaic blocks of analyzing the coherence of X-ray tensile strengths of metals probably 
differed in their orientation, the diffractions. They estimated the depend on the forces between the 
study of the dispersion of parallel mosaic blocks to be 0.2 to 1 micron mosaic blocks within grains. 
polychromatic X-rays seemed to be across, but their results were con- 


. sidered too uncertain. 
*Abstracted from “A Report on 
the Symposium on Mosaic Structure 
of Metals”, by C. Crussard and A. istics has so far brought only 
Guinier, Revue de Métallurgie, Vol. hypotheses. Enormous differences a li : Pl ae * 
16, 1949, p. 61-71. Twelve French between theoretical cohesion forces metallic 1ases 
physicists took part in the sc ie gg and technical strengths indicated’ 
and 67 references are cited in the 


report. long ago that there must be “impet NTERMEDIATE PHASES of either 


fixed or variable composition are 


The study of physical charactet 


Plasticity of Inter- 





formed in many alloy” systems. 


These so-called intermetallic com 
UNIVERSAL TESTING MACHINE pounds usually have properties dif 
ferent from the pure metals of 
This is a very practical machine for tensile, which they are composed For 
transverse and compression testing. Its 
capacity, equivalent to 150,000 Ibs. per Bee, ‘ 2 
square inch, on a standard .505 specimen. generally complex, and these phases 
Best of all, it is priced within reach of the are almost always brittle at room 
average prospective user. It weighs temperature. Although small 
approximately 500 Ibs., stands 4 feet 4 
inches, comes equipped with gauges, : ; 
on emeons motor, is fully automatic, such as CuAl,, are used in com- 
is exceptionally simple to operate. If mercial alloys, it is generally con- 
you want quick, accurate answers to ques- sidered that the pure intermetallic 
tions concerning tensile, transverse and 
compression qualities of metal objects, 
just invest in this compact, practical uni- interest. 
versal testing machine. It will pay its own In the author’s study of the 
way in the saving of laboratory fees. relation of mechanical properties 


and the phase diagram, deformed 
DETROIT TESTING MACHINE co. specimens of intermetallic phases 
9390 Grinnell Avenue 


were needed. He decided to take 
DETROIT 13 MICHIGAN advantage of the property of metal- 


lic substances to soften on heating. 
It was found that intermetallic 
phases heated to temperatures near 
the melting temperature and de- 
formed at low speed are plastic. 

The following three examples 
confirm the high plasticity of inter- 
metallic phases. 

1. The compounds MgZn, MgZn, 
and MgZn. are brittle (To p. 128) 





example, their crystal structures are 


amounts of intermetallic compounds, 


phases are not of commercial 








*Abstracted from “Plasticity of 
Intermetallic Phases”, by E. M. Savit- 
skii, Doklady Akad. Nauk S.S.S.R., 
Vol. 62, 1948, p. 349-351. (In Rus- 
sian.) 








Vetal Progress; Page 126 





EVERY DROP 


OF OIL AT THE 


THROUGHOUT THE QUENCH! 


Why permit old-fashioned quenching methods to 
eat up a substantial portion of your profits? By in- 
stalling a B & G Hydro-Flo Oil Cooler, you can 
eliminate the losses caused by excessive rejects— 
make an “inside profit” by cutting operating costs. 

The “SC” Series Hydro-Flo Oil Cooler combines 
Cooler, Motor, Pump, Strainer and all controls in 


- COOL OIL 


Diagram shows an 
instantaneous type 
of B & G Oil Cooler 
installation, suitable | F 
for continuous 

quenching. The oil 

in the quench tank 

and system is cooled 

at a rate equal to the 

per minute heat load 

without need for 

supplemental oil 

storage. 


QUENCH TANK 


a single, integrated unit. Completely automatic, it 
keeps oil temperature at the desired degree through 
all stages of the quench. You are assured of uniform 
quality in your product because of uniform quenching 
conditions! 

Send for combined Catalog and Simplified Selec- 
tion Manual. 


ee ad 


WATER OUTLET 


™ _ BEG OIL COOLER 








Hydre 


BiG CENTRIFUGAL PUMP 
BIG STRAINER 


-FId OIL QUENCHING SYSTEMS 


BELL & GOSSETT COMPANY 
Dept. BB-16, MORTON GROVE, ILLINOIS 
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Plasticity of Inter- 


metallic Phases 


(Cont. from p, 126 it room tem 
perature. Cast bars of each of these 
compositions were deformed 80> o1 
90°. without sign of rupture = at 
high temperatures by pressing 
through a eyvlindrical steel die. 

2. The B and y phases in the 
magnesium-aluminum system are 
completely brittle at room tempera- 
ture. Under suitable temperature- 
velocity conditions of deformation, 
bars of these phases were = also 
obtained. In addition, these bars 
were then reduced 80 or 90 at 
we’ C. by upsetting in one operation 
without rupture. 

3. The B phase in the copper- 
zine system softens more on heat 
ing than does the @ solid solution. 

Several conclusions can be drawn 
concerning the deformability of 
Interme 


worked by 


intermetallic phases: (a/ 
tallic 


Ineans of 


phases can be 
pressure, especially at 
higher temperatures; ¢b) heating a 
complex industrial alloy causes a 
redistribution of the hardness and 
strength of its phases, and the 
hardest phase at room temperature 


may be the softest at high temper 


atures; (c/ intermetallic phases of 
the y type soften less on heating 
than do B phases, where B is the 
phase adjacent to the @ solution. 
Ihe sharp increase in plasticity 
with temperature cannot be ex 
plained entirely by the increase in 
the amplitude of thermal vibration 
of the atoms. Rather, some change 
in the 
new typeof 


crystal (new slip systems, 
chemical bond, or 


other change) must be assumed. 


All-Basie Roofs* 


TPHE authors described petro- 

graphic and chemical studies 
of some Rytex-type bricks taken 
from all-basic roofs of openhearth 
furnaces. The bricks were typical 
unfired, metal-encased compositions 
and were studied after 324 and 14 
heats in crowns and 50 heats in an 
end wall. 

Chemical analysis of the 324- 
heat bricks showed that the silica 
content was highest in a zone just 
behind the hot face (To p. 130) 


*Abstracted from “The Chemistry 
of Chrome-Magnesite Roof Brick Dur 
ng Service’, by 7 I Berry, W. C. 
Allen and R. B Paper pre- 
sented at the 5lst annual conventior 

the Ame 
April 1949 


Snow 


an Ceramic Society, 





AMERSIL SILICA TRAYS 


—are suitable for repeated applications involving tempera- 


tures up to 1000°C. These trays are chemically inert —will 


not contaminate material treated—will withstand extreme 


thermal shock. For applications demanding temperatures 
over 1000°C., Amersil Trays may be used for short periods. 


TYPICAL APPLICATIONS 

Roasting of fluorescent powders, ores and pigments. 
Sintering of powdered metals. 
Corrosive chemical handling. 


Amersil Silica Trays are available in stock sizes and special 
sizes on short order. Flat, overlapping or matching covers 


can be furnished. 
Write to Dept. “A” 
*Trade Name Registered 


for further information. 


AMERSIL COMPANY Ine. 


ENGELHARD 


CHESTNUT AVENUE 


HILLSIDE 5, N. J 
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“WISE ECONOMY 
RESULTS FROM 
WISE SELECTION 
OF CUTTING FLUIDS” 


THE case studies listed below of 
benefits derived from the soundly 
engineered application of D. A. 
Stuart cutting fluids will unques- 
tionably appeal to cost-conscious 
management and production men. 
These reports are typical of those 
received daily. 


An Eastern firm operates a 

special threading machine 

for simultaneously thread- 

ing three BX connectors 

drawn from SAE 1010 

sheet. Running at 68 S.F.M., 

Ww finish was unsatisfactory. A 

change to D. A. Stuart 

THREDKUT produced a satisfactory 

finish and increased production. In ad- 

dition, die life was increased 3 to 4 
hours 


A rifle manufacturer crush 

dress grinding 8640 roll 

hardened (Rockwell C40) 

bolts was obtaining 15-20 

pieces between dressings 

and crushing roll perform 

w ance was poor. Selection of 

LD. A. Stuart SUPERKOOL 

81-X gave them over 300 pieces from 
one wheel dressing. 


It is significant that in both of the 
above cases, selection of a cutting fluid 
was made on a basis of performance, 
rather than price or opinion. 


Ask to have a D. A. Stuart representa- 
tive show you how wise selection of 
cutting fluids can lower your costs 


Write for D. A. Stuart Literature 


STUART sere goes 
maith eweny Carrel 


2743 South Troy Street, Chicago 23, Ill. 
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Gold-shadowed collodion replica, mag 
nified approximately 32,700 X. (Courtesy 


Williams and R. W. Wyckoff 


R. ¢ 


7 


= at 


> 
5 


more facts about metals 


s? o 


It magnifies directly 


RCA Electron Microscope, | ype EMI 
to more 
20,000 diameters—produces sharp p> 


than 


photographic enlargements even 
beyond 100,000 diameters 


-with the RCA Electron Microscope 


@ This is an electron micrograph of magnesium 
etched by salt water. It clearly illustrates the great 
depth of field that characterizes the RCA Electron 
Mic roscope 

In the center area you can see a high triangular 
peak. This peak is surrounded by another triangular 
region, which is slightly raised. Around this area 
is the general elevation of the replica—partially 
covered with nearly circular pits. All four levels are 
clearly visible! 

Micrographs like this help the metallurgist 
observe the effects of polishes and finishes, corro- 
sion, surface wear, and metal aging . . . because the 
RCA Electron Microscope brings every level of a 
specimen into sharp view—regardless of the magni- 
fication. In practically all cases, the depth-of-field 


SCIENTIFIC INSTRUMENTS 


of the Microscope is greater than the third-dimension 
surface irregularities of the specimen. To metal- 
lurgists, this is especially important at magnifica 
tions above 500 X. 

The greatest usefulness of the Electron Micro- 
scope begins at the point where the light micro- 
scope encounters its limits in resolution and depth 
of field. In many cases, this occurs at relatively low 
magnifications. Only the Electron Microscope can 
extend the metallurgist’s ability to see beyond this 
point. The greater understanding which results 
from this greater vision is the key to progress in 
metallurgy. 

For helpful information about the RCA Electron 
Microscope, simply write Dept. 10O1G, RCA Engi- 
neering Products, Camden, N. J. 


RADIO CORPORATION of AMERICA 


ENGINEERING PRODUCTS DEPARTMENT, CAMDEN. H.J. 


In Canada: RCA VICTOR Company Limited. Montreal 
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Convenience and 

Accuracy in 
Quantitative 
SPECTROCHEMICAL ANALYSIS 


—, 


The Jaco Projection 
Comparator Microphotometer 
Offers: 


Improved Resolution: Lines as narrow 
as 10-15 microns can be photo- 
metered. 


Greater Certainty: The line can be 
observed as it is scanned. 


A Wider Density Range: Lines can 
be photometered usefully to densi- 
ties of 1.3 and higher. 


Increased Comfort: The unknown spec- 
trum, reference spectrum and gal- 
vanoscope scale are observed side 
by side at table level, as one 
would read a book. 


High Speed: Controls are immedi- 
— at hand. An operator can 
readily photometer as many as 5 
lines per minute. 


A Wide Field of View: The master 
specttum covers 20mm, 100A at 
5 A/mm. 


7. Precise Linear Measurement: A scale 
can be supplied to read to .01mm. 


Our list of recent purchasers includes: 


Solvay Process Compeny 
Owens-Corning Fiberglas Corp oration 
The Vatican Observato: 
Anheuser-Busch 
University of Chicego 

haven National Laboratory (2 
Geological Survey (3 instruments) 
National Lead Company 
Woaterviiet Arsenal 
Nationa! Bureau of Standards (2 instruments) 
Watertown Arsenal — M. |. T. Leb. 
indiana University 
Dow Chemical Company 
M. |. T. — Geology Department 
Chance Vought Aircraft Corp. 
Fairchild Aircraft Corp. 
lowe State College 
National Spectrographic Labs 
Knappen, Tippett & Abbett Eng. Co 
Lowell Textile Institute 
Philedelphie Mint 


Ask for Catalogue I-4 


JARRELL-ASH CO. 


165 Newbury Street Boston 16, Mass. 

















All-Basie Roofs 


(Cont, from p. 128) where the 
silicate bond had apparently mi- 
grated from the hot end. The mag- 
nesia content varied from 23 to 
44% from hot to cold ends. In the 
same direction: The alumina varied 
from 9.06 to 18.8%, the chrome 
was present in amounts between 
13.22 and 20.30%, and the iron 
oxide varied from 44.34 to 8.86% 
in the middle of the brick and 
remained about 9% in the rest of 
the colder portion of the brick. In 
addition, it was found that MnO 
and CaO were higher in the hot 
face than in the rest of the brick. 

The dimensions of the brick 
had also changed considerably. In 
the first two hot zones only about 
65% of the original volume was 
still present. The next two zones 
were about 85% retained and the 
outer two zones showed 95 and 
100% Much of the 
loss is apparently caused by growth 


respectively. 
of the steel encasement on each 
brick, which oxidizes and grows 
to three times its original thickness. 
On the entire roof, this growth 
amounts to 8 in., which must be 
accommodated by the springs or 
it will cause a spalling type of 
failure from compression. 
Petrographic studies of the 
bricks agreement 
with the chemical analysis 


were in good 
men- 
tioned above. In the hot face a 
thin peely structure was found to 
contain large periclase and com 
plex spinel crystals, hematite, and 
about 75% iron oxide. The authors 
consider the primary cause of the 
peeling to be the large periclase 
erystals and that an alumina addi- 
tion would help to prevent this by 
forming spinel. In general, the 
picking up of iron is the primary 
cause of brick failures. Some mag- 
nesia-ferrite precipitate was found, 
even in the cooler parts of the 
brick. The iron is considered to be 
tied in with magnesia, silica and 
calcia, sometimes as FeO but most 
commonly as Fe,0,. The ratio 
between these two oxides of iron 
ran as high as 1 to 150 respectively. 

The bonds within and between 
the bricks were also 
Within the brick the chemical 
bond at the cold end remains 
sufficiently strong while the ceramic 
bond at the hot end is being devel- 
oped at high temperatures. The 
worst conditions were found in the 
324-heat bricks; but even in the 
bricks used for shorter periods the 
same zones were found, to a slighter 


degree. i) 


discussed. 
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A simple method of 
controlling working 


temperatures in 


© WELDING 

© FLAME-CUTTING 

© TEMPERING 
FORGING 
CASTING 
MOLDING 
DRAWING 
STRAIGHTENING 
HEAT-TREATING 
IN GENERAL 








Select the 
for the working 


It's this simple 


Tempilstik Also 


available 
in pellet 


temperoture you want. Mark 
your wockpiece with it. When 
the Tempilstik® mark melts, or 

the specified temperature has liquid 
been reached. form 





Available in these temperatures (°F) 





125 27s | 500 | 1100 
138 288 550 1150 
150 300 600 1200 
163 313 650 1250 
175 325 700 1300 
188 338 750 1350 
200 350 800 1400 
213 363 850 1450 
225 375 900 1500 
238 388 950 1550 
250 400 1000 1600 
263 450 1050 


FREE —Tempil® “Basic Guide 


to Ferrous Metallurgy” 
— 164%,” by 21” plastic-laminated wall 
chart in color. Send for sample pellets, 
stating temperature of interest to you. 


wit ele) -1+ le) F 
$¢ SERVICE: 3: 
CLAUD S. GORDON Co. 


Specialists for 34 years in the Heot-Treating 
ond Temperature Control Field 

Dept 15 © 3000 S$. Wallace St. © Chicage 16, Il. 

Dept. 15 © 7016 Euclid Avenve © Clevelond 3, Ohie 




















CARBURIZING COMPOUND 
ts You-Surning 
Char Carburizers do not burn when exposed 
to the air, because the ignition point of the 
base carbon is regulated. This means there 
is no waste due to burning. The discomfort 
of heat and dust arising from the hot and 
glowing compound is largely eliminated. 
These low burning losses make Char out- 


standing for cleanliness and economy. 


CHAR PRODUCTS COMPANY 


MERCHANTS BANK BLDG., INDIANAPOLIS 4, IND. 


= Spee 











Columbia 


| 


CLARITE — 
Standard 18-4-1 High 
Speed Steel. 
Today"s CLARITE is @t its = 
vy 
time quality peak. Full a < 
content, close chemical ® 


metallurgical tolerances. 


: ‘ r 
An outstanding * goot 


tool steel. 


sie Nii 
{ + 


COLUMBIA TOOL STEEL COMPANY 


500 nl ‘TH TR e ¥ a 





to improve your products 


Compare the prices shown here with those currently I 
quoted for other units of test equipment designed 
for the same general purposes. These prices are 
not only lower but the performance of Dietert 


With the Dietert Carbon Determinator, you 
can run ACCURATE quantitative carbon tests 
on metals or other materials in the short space 





control equipment is in every case equal to or 
superior to any other units available. 


The Dietert Sulfur Determinator 
provides you with the means of 
getting the sulfur content of 
metals and other materials with 
precision. The equipment and 
the analytical procedure meets 
the tentative ASTM Standards 
for the determination of sulfur 
in steels. 


of two minutes. 


The PRICE is $235.00 


y The Dietert Brinell Hardness Reader can be 
used successfully by any one in your plant 
who can read a dial. No judgment is neces- 
sary, no charts or tables to consult and no 
figuring to do. It makes hardness testing 


foolproof. The Brinell Hardness Reader re- 
places the measuring microscope. It meas- 
ures the depth of the Brinell impression 
rather than the diameter. The dial is gradu- 
ated in Brinell Hardness Numbers. 


The PRICE is $48.00 


The PRICE is 
$153.00 


DIETERT 


SAND + MOLD + MOISTURE «¢ 


i 

I 

I 

i 
ha om 
I 

l 

! 

i 

i 





Harry W. 


9330 Rotelawn Aue. 
CONTROL EQUIPMENT + 


Company 


Detroit 4, Michigan 


CARBON + SULFUR 


We will rush detailed specifica- 
tions to you on these units if you 
will write to Devartment 9 
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w 
asoet? 


Vou'll be surprised at these figures ! 


@ 80 million Americans own $48 billion of 
U. S. Savings Bonds. 


@ 20,000 of the nation’s 38,000 firms 
employing 100 or more persons are oper- 
ating Payroll Savings Plans. 


@ 7,500,000 workers are buying an indi- 
vidual average of $20 of Bonds per month 


@ For the year 1948, sales of Series E Bonds 
exceeded redemptions by $495,148,000 
The net figure for all Series after redemp- 
tions and maturities was $2,151,140,000. 


What does all this mear 
it means first of all that 
Department is successful 1 

Inereastil 
securit t 
Second 
business | 
the Pavr 


promote it 





For example... 


ou some idea of the Plan’s 

growing popularity: 86.364 en | lovees of 
a prominent electrical manufacturing con 
pany were investing in Bonds at the rate 
of 830,005,270 as of the end of 1918. TI 
=a gain of near Loo over 191 sher 

O00 emplovees participated in that con 
The treasurer of a well-knov 
' reported th 


h that 
each parties 
make- 
produectiy 


~ absenteeism. lower- 


peace of mind 
tented, more 
duce 
increases Output, and impros 
emplover relations 


It’s easy to boost participation 
1. See that a top managerme 
sors the Plan 


Be Sex ure the help ol the en ploves 


organizations mn promotir git 


nt man spon- 


10-60 participations 


turnover neces-it 
5. Lree each 
he is hired. t 


it the time 


Nation-wide experience indicates that 


i) 0 r nplovees can be yu rsuaded 
to yon without high-pressure selling 
All the help you need is available fron 
vour State Director, | S. Treasur 
Department, Savings Bond Division 


The Treasury Department acknowledges with appreciation the publication of this message by 


METAL PROGRESS @ 


cy 


This is an official U.S. Treasury advertisement prepared under the auspices of the Treasury Department and The Advertising Council. 
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FoR ALL sTEELS 


from 


HIGH CARBON to HIGH SPEED 


The Versatile 
“DELAWARE” 
CONTROLLED 
ATMOSPHERE 

FURNACE 





will give you 


GUARANTEED 
RESULTS! 


Range 
1200-2800 


Descriptive literature sent on request. 





DELAWARE TOOL STEEL CORP. 
Wilmington 99, Delaware 





FOR ACCURATE 
TEMPERATURE 
READINGS 


ues ™ 


This sensitive, direct-reading pyrometer assures you 
of permanent records of process temperatures 
Reads one to six thermocouples and prints in black 
or colors on conveniently sized (6" wide) moving 
chart 

Carefully built for long service, with friction- 
free galvanometer movement, Smv full scale; full 
electric operation, 
cient in a dust proof case that resists water, fumes, 
Supplied in wall or instrument 


negligible temperature coeth 


rough handling 
board types 
For complete specifications, just fll out coupon 
below 
ee ee ee ee ee ee es ee es 
Please send me free copy of Bulletin 400 
NAME 
ADDRESS 


) 





CHARLES ENGELHARD, INC. 
850 PASSAIC AVENUE, EAST NEWARK, N. J. 


July. 





1919: 


The GRID that 
gets the BID 








Your “memo” to order Pyrastee!] Grids will insure continuous 
long-term. low-cost service in heat-treating operations under 


the most exacting conditions 


PYRASTEEL Articulated Grids are built with a patented ball 


and-secket constru ». This provides the necessary flexibility 


to offset expansion a © due to wide temperature 


variations . no distortion of cracking as in the rigid type grids 


These chrome-nickel alloy grids provide high resistance to 


heat and corrosion. They are easy to assemble, install or replace 


Made in any size or design 


Write for PYRASTEEL Baulletir 


CHICAGO STEEL FOUNDRY CO. iy (“4 


Kedzie Avenue & 37th Street Chicago 32, Wl. 
MAKERS OF ALLOY STEEL FOR OVER 35 YEARS 
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Accurate heat up to 3500°F. with this NEW 


PERECO Molybdenum-Vacuum 
Tube-Type 


Electric 
Furnace 


@ Neutral or reducing at- 
mosphere pure enough to 
sinter chromium without 
oxidation. 


FURNACE CAN BE 
ROTATED TO A 

MODEL 

moos. ie VERTICAL POSITION 
Steel case of this dual-tube Pereco Furnace maintains a vecuum of 30 in. Hg. 
Inner tube with moly element easily removed at any time. Element is de- 
signed to compensate for heat gradient at tube ends. Normal operating tem- 
perature about 3300°F.; maximum 3500 °F. for short cycles. Working ares 
2” ID x 28” long, with 18” controlled temperature length. It has one open 
end (both open, if required) with 10” sight tube. Pyrex of quartz lens is re- 
movable for mounting thermocouples, etc. Easily replaced. Sight tube and 


face of furnace are water cooled. Power input 6 KW, 220 volts, 60 cycle, 
1-phase. Atmosphere, vacuum, and water connections provided. 


Send today for additional details of MO-224. 


PERECO tachncmardatinsatrm' 


PERENY EQUIPMENT CO. 
Dept. Q, 893 Chambers Road « Columbus 12, Ohio 
NOTE Through expanded program, a few choice 


dealer openings are available W rite 


Motor fenerators | 

















Reg. US. Pat OFF. 


INDUSTRIAL Gea EQUIPMENT 


NO BLOWER or POWER NECESSARY 
++. just connect to gas supply 


Atmospheric Pot Hardealag 
Furnaces for Solt, Cyanide 
ond Lead Hardening. yo 
adapted for Meltin 
minum. Attair int aes 


Burzer Rectangular Liquid 
Heat Treating Baths, Galvanizing, 
Tinning and Melting Furnaces 


Send for the complete ‘‘BUZZER"' Catalog 


CHARLES A. HONES, inc. 


123 So. Grand Ave. Baldwin, L.I., N 
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For 

Electroplating Anodizing 

Electrocleaning Electropolishing 
There’s a Columbia M-G Set available for 
your needs, whether you have a small plating 
bath or a large continuous strip plating line. 
Capacities up to 20,000 Amperes; 6 Volts and 
up. Dependable, performance proved, for 
many years. Your inquiries solicited. 

for Catalog MP-7 


4 


COLUMBIA ELECTRIC MFC. Co. 


4531 HAMILTON AVENUE “LEVELAND 








1 — LINDBERG Cyclone Bar-Stock Hardening Fur- 


125 Skillen St. Phone: BEdford 2078 
¥. 








FOR SALE 


nace. Work Chamber 16’ long x 24" wide. Max. 
Temp. 1700° F. Type 241618-GHYV. Serial No. 
2538. Furnace complete with 60 cycle motors, 
including Blower, Air Cylinder, LEEDS & 
NORTHRUP Recording Pyrometers, Instrument 
Mounting Panels, Burners, Controls, etc. Fur- 
nace new in 1942. Would cost today approxi- 
mately $20,000.00. PRICE 
SURFACE COMBUSTION Furnace, Toledo, 
Ohio. Serial 170228-1. Fuel: Gas. Max. Temp. 
2300° F. Catalog No. MH-20-36. 12 burners. 
New in 1942. 
SURFACE COMBUSTION Furnace. Fuel: Gas. 
Max. Temp. 2000°. Min. Temp. 1400°. 8 burners. 
Serial 170974-1L. Catalog No. MIP-17-20. 
PRI $ 950.00 
LINDBERG Cyclone Gas Tempering Furnace. 
Pit Type. Type No. 2520-GH. 110 Volts. 60 cycle. 
Serial 3074. Max. Temp. 1250° F. New in 1942. 
Basket — 25” dia., 20" deep. 


HOMO-CARB. Case Hardening or Carburizing 
Furnace (LEEDS & NORTHRUP). Serial 3614649. 
Catalog No. 97653010. Max. Temp. 1800° F. 
New in 1941. Basket Type — 15” dia., 30’ deep. 
Would cost today approximately 37,000.00. 
PRICE........ $2,500.00 
GEHNRICH Convection Type Electrical Fur- 
nace. Complete with Automatic Controls and 
Brown Temperature Recorders. For heat treat- 
ing aluminum and non-ferrous forgings. This 
furnace is practically brand new. 
$2,500.00 
Sold at plant. Phone, write or wire 


C. R. HATCH, JR. 


Buffalo 7, N 
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For Quality 
Control of 


The New ENGELHARD 


CONTROLLED ATMOSPHERE INDICATOR 


DON'T TAKE CHANCES with ruining costly work. 
Be sure that the relative reducing value of your furnace 
or kiln atmosphere is always at the proper point by 
using an Engelhard Controlled Atmosphere Indicator. 


No ambiguous readings—operates on a hitherto unused 
principle employing vacuum-jacketed sensing cells which 
detect and register the deviation, positive or negative, 
from the predetermined air ratio. Complete information 
given in Bulletin 100. Write today for your free copy. 


CHARLES ENGELHARD, INC. 


850 PASSAIC AVE.. EAST NEWARK, N. J 





CARL-MAYER HIGH TEMPERATURE FUR- 
NACE, recirculating air heater type, for tem- 
peratures up to 1,200°F., as installed for 
Timken Roller Bearing Company. @ We also 
build Conveyor and Batch Type Furnaces up 
to 2,000° F., for heat treating, normalizing, draw- 
ing, etc., using gas, oil and other fuels. @ Our 
many outstanding achievements make it well 
worth your while te consult Carl-Mayer Enzi- 
neers on your next installation. 


3030 Euclid Avenue, CLEVELAND, OHIO. 
SST ST LE eee 





Typical of THE MEN WHO 
MAKE INDUSTRIAL MAINE 


Truman Pease says: 
“ ou he ira | 


lot of talk about tix 
attractions and glamour of work 
ing in big cities. Over the vears, 
I have seen n 


inv of my friends 


pull up stakes and try their luck 
at city te Then, later, I have 
seen these same tellows come 
back to Maine and heard then 
sav: ‘Boy, it’s go« 

he re and re 


n that there is r substitute tor 


the happiness and contentment you get in living and 


1 Maine 


I have worked 


woraning 
na place you rlad I stayed 
Take my wor 
fourteen years and 
downr uht pleasure 


and | take a ure 


right lights 
| ood 
ec, Ma ne 


Gruman ™m Pert 


Truman Pease is typical of thousands of Maine workers 
who take pride in their work and really enjoy life. Maine 
has what your industry needs. Nearness to the nation’s 
biggest markets; year ‘round production weather; moder- 
ately priced power; pure processing water; excellent 
transportation; fair taxes; mo State sales tax; no State 
income tax. 





if you are planning to move, 
expand or decentralize, it 
will pay you to investigate 
the industrial advantages of 
Maine. Write for free book- 
let, “Industrial Maine”. 


WeTAL woRKine 





MAINE DEVELOPMENT COMMISSION, 895 STATE HOUSE, AUGUSTA, MAINE 
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CLEAN ANNEALS 5000 LBS. EF 


GAS-FIRED 


COPPER and BRASS ALLOYS PER HR, on tecraic 


@ The EF gas-fired intermittent, roller hearth batch type FURNACES 


furnace shown above has forced circulation preheating, heating and for 


soaking chambers arranged in straight alignment, enclosed in a 
AGING 
ANNEALING 


single shell — with a water-jacketed spray type cooling chamber . 
directly attached. The coils are conveyed thru the various chambers BRAZING 


on driven rollers. An EF combustion type special atmosphere gener- CARSON 
. ype % I 8 RESTORATION 
ator is shown at right. CARBURIZING 


CERAMIC 
Designed to operate at temperatures ranging from 1000 to DECORATING 
1200° F., this furnace has capacity to heat 5000 Ibs. per hour to DRAWING 
HARDENING 
HOMOGENIZING 
each. This type also built for higher temperatures and larger coils MALLEABLIZING 
NORMALIZING 
EF furnaces are built in a wide variety of types and sizes for NITRIDING 
SINTERING 
SOLUTION 
designs to use the fuel best suited for the particular requirement TREATING 
' > ' SPECIAL ATMOS- 
and locality. We solicit your inquiries. - OMERE TASAS. 
MENTS 


THE ELECTRIC FURNACE co. 


WILSON STREET et 
GAS FIRED, OIL FIRED AND ELECTRIC FURNACES be _— -@ 
FOR ANY PROCESS, PRODUCT OR PRODUCTION 


1200° F.; handles coils up to 20” in diameter, weighing up to 150 Ibs 


any process, product or production. Gas-fired, oil-fired and electric 











Must You Save 75% 
or Will 35% Help? 


Stokes does not fabricate powd 
parts, but will advise on 
bility of the process for 
Send your blueprint 


OWDER Metal production saved 757 

on the part at left above. This is 
a ratchet and pawl assembly made by 
the millions for Hartshorn Shade- 
rollers. Formerly it was machined in 3 
pieces at a cost of less than $3.00 per 
thousand. Powder metallurgy devel- 
oped a means of making it in one piece 
at one-fourth the previous cost. 

The part at right above is a spur 
gear by American Sintered Allovs. Inc 
It is made of 85-15 brass powder, oil- 
impregnated, and costs 35% less than 
if machined from bar stock. Tolerances 
are very close, and it can be made with 


er metal 
the suita- 
your needs. 
s or samples. 


kevwavy if desired. Part of the old cost 
was cutting-waste, which ran to 64% 
of the metal 


Powder Metal production is best for 
many things, may have profitable pos- 
sibilities for vou. It deserves study and 
consultation, for which Stokes—not a 
producer of parts—offers its staff of 
engineers experienced for 20 years in 
the design and manufacture of all 
kinds of powder metal presses. 


F. J. Stokes Machine Com- 


pany, 6006 Tabor Road, 
Philadelphia 20, Penna 


Stokes makes Vacuum and Special Processing equipment, High Vacuum Pumps 
} gequiy } 


and Gage bY 


Pharmaceutical equipment, 


Industrial Tabletting and Powder 


Metal Presses, Plastics Molding Presses, Water Stills and Special Machinery. 











